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Oblique  view  looking  south-west  of  entire  landslide  area.     Note  approximate  outline 
of  Pre-existing  landslide  marked  in  red.     Details  of  existing  failure  zone  are  shown 
on  blowup,  Plate  No. /A 
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LANDSLIDE  RESEARCH  PROJECT 
K.P.R.-l  (5) 
Livingston  Landslide 

Investigation  of  the  Livingston  Landslide  was  initiated  at  the  request 
of  the  ?re-Cons truction  Engineer,  on  June  2,   1966  and  with  the  approval  of 
the  Bureau  of  Public  Roads  on  or  about  June  16,  1966.  ^ 

This  report  is  a  compilation  of  data  concerning  the  Livingston  Landslide 
obtained  from  our  investigation  as  well  as  past  studies. 
HISTORY 

The  subject  landslide  occured  during  construction  of  Project  F  217  (11), 
Gardiner  -  Livingston  at  station  1570-,  approximately  5  miles  south  of  Living 
ston,  Montana.     The  major  rr.oveiTient  occured  during  the  night  of  April  21,  1965 
but  tension  cracks  developed  at  least  4  raonths  previously.     The  project  was 
under  construction  and  the  contractor  was  engaged  in  excavation  of  the  large 
cut  sections  in  this  vicinity  when  the  failure  occured.     Subsequent  remedial 
actions  included  the  following: 

A.  Trenching  to  relieve  pressure  on  a  diversion  structure  in  the 
Yellowstone  River. 

B.  Relocation  and  regrading  of  the  railroad  bed. 

C.  Redesign  of  the  cut  slopes  to  reraove  driving  weight. 

D.  Redesign  of  the  railroad  and  highway  grades  and  alignments  to  avoid 
cutting  more  than  necessary  into  the  toe  area. 

E.  Establishment  of  a  surface  drainage  ditch. 

F.  Drilling  of  horizontal  holes  into  the  landslide  to  attempt  to  drain 
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water  from  critics!  areas. 
Investigation  of  the  landslide  during  1955  included  the  following: 

A.  Eight  vertical  drill  holes  in  the  slide  area. 

B.  Four  horizontal  drill  holes  in  the  slide  area. 

C.  Electrical  resistivit}^  profiles. 

D.  Geologic  mapping. 

E.  Stability  studies  by  the  Eutte  District  Geologist. 

The  remedial  actions  were  sufficiently  effective  to  allow  completion  of  the 
project.  (Refer  to  drill  hole  logs  and  resistivity  data  in  the -appendix  to 
this  report  for  1965.)  .  ■ 

During  the  spring  and  summer  of  1966,  some  movement  was  noted  by  Division 
field  personnel  who  initiated  a  request  for  further  study.     The  current  study 
was  conducted  during  the  late  sumimer  and  fall  of  1966,  and  included  the  fol- 
lowing investigative  methods: 

(a)  Establishment  of  survey  points  to  determine  the  rate  and  amount  of 
movements. 

(b)  The  drilling  of  four  additional  vertical  test  holes  to  extend  the 
information  obtained  during  1965. 

(c)  Topographic  mapping  of  the  entire  area  of  instability. 

(d)  Geologic  mapping  of  the  general  area. 

(e)  Seismic  study. 

(f)  Resistivity  study, 

(g)  Stability  Analysis. 

The  data  obtained  are  further  discussed  in  this  report. 

Various  meetings  with  the  Bureau  of  Public  Roads  personnel  during  Nov- 
ember and  December,  1966  disclosed  that  a  wide  variance  of  opinion  existed 
as  to  whether  or  not  the  project  should  continue  with  investigation  of  the 


Livingston  Landslide.     The  on:L3'  work  on  this  project  which  has  continued  is  the 
surve}''  of  the  slide  control  points  to  determine  movements  and  the  preparation 
of  this  report. 
Physio.eraphy  and  Climate 

The  landslide  lies  near  the  north  edge  of  the  Beartooth  mountains j  im- 
mediately ^'.^est  of  the  Yellowstone  River. 

The  Yellowstone  River  flows  north  from  Yellows  tone  National  Park^  turning 
east  along  the  north  slope  of  the  mountains  at  Livingston,  five  miles  north  of 
the  slide  area.     The  landslide  lies  on  an  east  facing  raountain  s.lope  between 
elevations  4550  ft.  and  6100  ft.j  with  the  original  toe  belov7  the  existing 
strand  line  of  the  Yellowstone  Pv.iver.     The  average  rainfall  at  Livingston  is 
about  15  inches  (39  year  record)  with  the  month  of  May  yielding  the  highest- 
average  moisture  during  the  year.  "        '  ' 

The  Yellowstone  River  discharge  at  Livingston  has  averaged  about  3600 
second-feet  of  water  for  the  23  year  record  period.     During  the  same  period 
the  maximum  discharge  of  the  Yellowstone  River  at  Livingston  was  30,600 

second- feet  on  June  20,   1943  and  the  minimum  discharge  was  590  second- feet 

\ 

on  January  22,  1940.  " 

Geology  '    '  . 

The     landslide  lies  just  north  of  the  Suce  Creek  thrust  fault  which  dips 
tox^ard  the  north  under  the  landslide.     In  the  immediate  vicinity  of  the  slide, 
the  Cambrian  age  Grove  Creek  fm  is  thrust  over  the  Cretaceous  age  Mowry  fm. 
The  upper  plate  of  the  thrust ^  bordering  the  south  edge  of  the  slide,  has  been 
folded  and  overturned  toward  the  south.     Thus  the  south  edge  of  the  landslide 
borders  overturned  Cam-brian  age  rocks.     Along  the  northwest  and  north  edge 
of  the  landslide  norDiai  sections  of  Paleozoic  rocks  border  the  slide.  These 
are  generally  dipping  15^  to  26     toward  the  north  or  north-northwest. 


The  orisinal  landslides  covered  approximately  one  square  mile  and  contained 
very  lar^e  blocks  of  limestone  together  with  rubble  composed  of  crushed  lime- 
stone,  shale  and  large  quantities  of  silt  and  sand  sized,  relatively  non-plastic 
materials.     Topographic  study  of  the  landslide  seems  to  indicate  that  at  least  ' 
two  large^  semi-rotational  movements  have  taken  place  in  the  past^  each  of 
which  is  characterized  by  large  limestone  blocks  on  the  east  edge^  and  rel- 
atively flat,  hummocky  ground  in  back  of  the  limestone  blocks  toward  the  west. 

The  head  of  the  top  slice  lies  at  an  elevation  of  about  6100  ft.  with  the  toe 

-1- 

at  approximately  5300  ft.;  the  second  slice  lies  between  5300-  '^^^  and  4550  ft. 
The  toe  of  the  lower  slice  probably  lies  well  below  this  mapped  elevation. 
These  slices  becomie  more  confused  toward  the  southwest.     There  are  numerous 
small  interior  drainage  areas  on  the  surface  and  very  poorly  developed  surface 
drainage  patterns  throughout  the  landslide.     Several  springs  were  found  as 
shown  on  the  topographic  map. 

Near  the  ridge  tops  at  approximate  elevations  5200  ft.  and  5400  ft., 
many  trees  are  bent  outward  and  bowed  toward  the  east.     This  has  probabl}? 
been  caused  by  soil  creep  but  the  lack  of  developed  surface  drainage  indicates 
that  som.e  if  not  all  of  the  miOvement  has  taken  place  in  recent  tim.e.  Som.e 
evidence  of  a  fault  parallel  to  the  valley  bordering  the  landslide  on  the 
northwest  was  found  but  the  fault  could  not  be  traced  beyond  the  flat  area 
at  the  head  of  this  valley.     Evidence  seems  to  indicate  that  if  this  fault 
existed,  the  valley  was  developed  prior  to  landslide  activity  inasmuch  as 
it  is  the  only  well  developed  drainage  in  the  landslide  area. 

The  existing  problem  area  is  in  the  lowest  original  slide  which  probably 
extended  well  beneath  the  present  river  elevation.     The  large  limestone 
blocks  bordering  the  existing  failure  zone  attests  to  this  as  they  are  part 
of  the  original  landslide  debris.     During  drilling  in  1965  and  1966,  a 


remarkable  lack  of  groun.d  ^jster  was  encountered »     Sorae  very  sir^all  pones  of 
water  uere  found  within  the  sliding  mass  but  the  present  water  table  is  r.ear 
the  elevation  of  the  Yellowstone  River,  as  deterv-iined  in  the  open  holes  A-1 
thru  A-4,     (See  drill  logs  A-1,  A-3  and  A-4) ,  \^ 

Materials  encountered  in  the  existing  slide  are  limestone  mbbl^e  and 
silt,  overl^/ing  shale.     (See  Laboratory  Testing  results  in  the  appendix  to 
this  report) .     Several  zones  were  encountered  which  are  or  have  been  sliding 
surfaces  or  faults.     (Refer  to  drilling  logs  in  appendix  to  this  report). 

Vertical  drill  hole  No.  A-4  w>*s  drilled  685  feet  southwest  of  hole\,No. 
A-3  in  a  brosd,  shallow  basin.    No  apparent  tnovesent  has  been  noted  in  this 
vicinity  within  the  time  interval  covered  by  this'report*     Surface  features 
suggested  that  this  basin-type  ar^a  sight  be  a  natural  drainage  thus  furnish- 
ing water  to  the  present  slide.     This  hole  was  drilled  to  a.  depth  of  365.4 
feet  which  is  approximately  120  feet  below  river  elevation  and  is  the  deepest 
hole  that  has  been  drilled  on  the  slide.     Silt,  limestone  and  shale  rubble 
was  encountered  to  a  depth  of  43 „1  feet,     Setw^een  43,1  and  257. S  feet  the 
hole  penetrated  extensively  fractured  limestone  with  interbedded  layers  of 
siitstona  and  shale.     The  limestone  is  brecciatad  locally  and  probable  slip 
zones  or  former  slide  planes  were  noted  between  depths  of  89-5  and  96.0 
feet,  160.0  and  198.0  feet,  and  252.0  and  257.8  feet,  respectively.  Within 
these  zones  the  hard,  competent  limestone  occurs  as  angular  fragments  within 
a  matrix  of  shale  and/or  clayey  silt,  iocall}^  this  fixture  is  ceaented  formin 
a  breccia.     Below  a  depth  of  257.8  feet  an  interbedded,  dark  gray-green  shale 
and  gray  liir.es tone  was  encountered  to  the  total  depth  of  the  hole.  Vertical 
bedding  was  noted  at  three  different  elevations  in  this  material  with  a  near 
horizontal  attitude  betxceen  these  vertical  zones.     Occasional  slickensides 
are  also  present.     The  attitude  of  the  shale  and  li.nes tone  indicates  that 
this  material  has  been  subjected  to  folding.     Insufficient  inforraation  is 


available  to  indicate  the  nature  and  magnitude  of  this  structure.  Measure- 
ments made  through  perforated  casing  indicate  the  X'/ater  level  is  at  depth 
of  approximately  241  feet  which  is  near  the  elevation  of  the  Yellowstone 
River  east  of  the  drill  site.    Warm  springs  adjacent  to  the  east  edge  of  the 
landslide  attest  to  a  probable  deep  seated  disturbed  zone.    Alteration  of 
the  limestone  blocks  exposed  in  the  cut  sections  north  and  south  of  the 
present  landslide  was  caused  by  water,  probably  Xi7arm, 
Landslide  Discussion 

The  present  landslide  was  triggered  by  construction  of  the  "highway  as 
the  pre-existing  landslide  toe  was  removed.    I'Thile  a  major  problem  existed 
and  does  exist;  it  is  apparent  that  the  actual  failure  is  a  very  small  part 
of  the  pre-existing  landslide  zone.     The  portion  which  failed  was  saturated, 
at  least  in  part,  as  witnessed  by  project,  division  and  district  personnel. 
Water  and  flowing  silt  was  observed  during  and  shortly  after  the  failure  at 
and  near  the  toe  area.     Every  indication  points  to  a  circular  arc  failure, 
as  evidenced  by  the. railroad  displacement  upward,  and  the  shape  of  the 
failed  surface.     Some  lower  arcs  developed,"  or  the  ioxvfer  portion  of  the 
failure  became  planar  because  pressure  was  put  on  the  diversion  structure 
in  the  Yellowstone  River  well  below  and  east  of  the  major  failure.  Trenchin 
between  the  slide  and  the  concrete  structure  immediately  relieved  this  pres- 
sure. 

The  landslide  was  described  by  the  Resident  Engineer,  as  follows: 

"The  original  movement,  which  produced  a  small  8"  scarp  occured 
on  or  about  December  3,  1964,  when  the  cut  was  alm.ost  to  grade  ex- 
cept for  the  north  end.     The  cut  slope  remained  static  through  the 
winter.     On  April  7,  1965,  the  roadv;ay  between  1574  and  1579  heave 
2  feet.     On  April  19,  1965,  a  small  crack  was  noted  in  the  roadway 
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at  the  north  end  of  the  cut  with  a  heave  of  about  6  inches. 

The  major  movement  occured  on  April  22  &  23,  1965,  and  slov7ed  on 

April  24th.     The  head  of  the  slide  moved  vertically  6  ft.  -  on  the 
J. 

22nd  and  6  ft  -  on  the  23rd.     The  total  lateral  movement  in  the 

roadway  was  30  ft.  ~  .     The  failure  from  station  1574-  to  1576+50 

was  toward  and  nearly  perpendicular  to  project  centerline,  V7hile 

from  1576+50  to  1580-  the  movement  was  northeast  at  about  an  angle 
o 

of  45    as  measured  from  the  roadway  alignment.     The  Northern 

>  •  " 

Pacific  tracks  were  displaced  approximately  8  ft.  east  and  2  ft. 

upward". 

This  landslide  is  presently  moving  very  slowly  with  the  movement  again 
directly  toward  the  highway  as  far  as  can  be  determined.     Evidence  of  road- 
way heave  has  not  been  found  to  date  although  some  movement  -has  roughened 
the  driving  surface.     The  railroad  grade  has  remained  stable  since  the 
control  points  were  established.     The  landslide  head  is  migrating  west  and 
tension  cracks  have  developed  above  the  drainage  ditch.    The  whole  moving 
mass  is  bounded  by  visible  cracks.     Data  pertaining  to  the  rate  of  movement 
are  included  in  the  appendix  to  this  report  and  later  data  will  be  available 
in  the  Bozeman  Division  office. 
Laboratorv  Testing; 

Materials  in  the  existing  landslide  were  classified  by  testing  as 
A-l-a  to  A-4  (8)  with  liquid  limits  of  17  to  34  and  plastic  indexes  of  NP  to 
9.     Natural  moisture  contents  ranged  from.  7.77o  to  24.67o,  well  below  the 
plastic  limit  in  most  cases. 

Shear  Testing  results  varied  greatly,  but  in  general  the  unconfined 

shear  strength  value  obtained  from  samples  in  drill  hole  No.  A-1  of  1033 
2 

lbs/ft    could  be  considered  representative  of  the  ultimate  unconfined  shear 


strength.     (Lab.  No.  332941.)     This  shear  strength  value  would  approximate 

the  strengths  found  in  the  silts  encountered  in  test  hole  No.  A-4  by  direct 

2 

shear  tests.    These  gave  average  ultimate  shear  strengths  of  C=325  lbs/ft 
with  an  angle  of  internal  friction  of  19.5°,  at  natural  moisture  contents. 

At  saturation,  the  angle  of  internal  friction  would  be  lowered  to  about  10°. 

(Refer  to  Lab.  No.  338457.) 

An  obvious  shear  plane  was  encountered  at  a  depth  of  165  ft,  in  test 
hole  A-4.     This  hole  is  outside  the  existing  failure  but  again  indicates 
the  deep  seated  nature  of  the  original  failures.     Shear  values  here  are 
50#/ft.^.     (Lab.  No.  338458.) 

Quantitative  analysis  was. utilized  to  determine  if  the  limestone 
encountered  in  the  test  holes  A-2  and  A-3  were  similar  in  composition. 
They  were  identified  by  visual  inspection  as  being  identical' and  the  chemical 
analysis  indicated  the  same.     It  was  intended  that  this  be  carried  further  to 
determine  the  exact  formation  which  each  limestone  block  on  the  slide  area 
represented  and  thus  determine  its  relative  displacement. 
Resistivity  Study-1966  :-  ■ 

On  November  2  and  3,  1966,  two  electrical  resistivity  surveys  were 
made  within  the  slide  area.    The  resistivity  instrument  was  constructed 
according  to  BPR  design  but  had  never  been  operational.    A  representative 
from  the  BPR's  exploration  section  familiarized  the  investigators  with  the 
instrument  during  the  surveys  and  recommended  some  modifications  to  correct 
errors  made  during  the  initial  assembly  of  the  instrument  and  to  allow  longer 
electrode  spacings  to  be  used. 

Resistivity  test  No.  1  was  conducted  near  drill  hole  No,  A-3  and  the  max 
imum  spread  of  the  electrode  spacing  V7as  78  feet.     Utilizing  Moore's  Method  o 
interpretation  for  the  curve  obtained  in  this  survey,  three  points  of  tan- 
gential intersection  were  obtained.     The  depths  obtained  for  the  three  breaks 
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in  the  curve  do  not  correspond  to  a  distinct  lithologic  change  noted  on  the 
drill  log.     The  increased  resistance  apparent  on.  the  curve  at  a  depth  of 
16.8  feet  may  correspond  to  the  change  in  relative  density  indicated  by  the 
penetrometer  test  between  16.5  and  20.7  feet  or  a  change  in  moisture  content. 
A  lower  resistivity  was  obtained  below  a  depth  of  32.2  feet.     Shale  is  noted 
at  a  depth  of  25.0  feet  on  the  drill  log.    A  possible  slip  zone  composed  of 
very  soft  clay  extends  from  a  depth  of  73.0  to  78.0  feet.    The  resistivity 
survey  did  not  indicate  the  presence  of  this  zone. 

The  second  resistivity  survey  was  run  near  drill  hole  No.  A'-l.  Three 
changes  in  resistance  are  noted  at  depths  of  4.7,  27,7  and  49.1  feet,  res- 
pectively on  the  curve.     The  two  uppermost  breaks  do  not  correspond  to  a ' 
lithologic  change  as  indicated  by  the  drill  log.    However,  the  lower  resis- 
tant material  at  49.1  feet  probably  corresponds  to  the  shale  contact  noted 
at  a  depth  of  48.0  feet  on  the  log.  , 
Refraction  Seismic  Study  ' 

Seismic  studies  were  undertaken  prior  to  test  hole  drilling  to  deter- 
mine where  test  holes  should  be  drilled  and  to  what  extent  this  type  of 
study  could  be  used  on  this  project.     The  results  of  this  seismic  study  are 
summairized  in  Table  "B". 

The  results  of  this  geophysical  study  were  as  anticipated.     The  shale 
surface  can  be  determined  by  this  investigative  method  as  can  the  dense 
limestone  encountered  in  test  hole  A-2.     Fractured  limestone  such  as  under- 
lies seismic  stations  Nos .  12  and  13  seems  to  have  about  the  same  seismic 
velocity  as  the  shale  under  test  hole  A-3.     For  this  reason  drilling  would 
be  required  to  determine  which  material  underlies  the  surface  silt  and  rock 
fragments  in  any  extended  study. 

This  investigative  method  will  not  find  the  sliding  surface  unless 


this  plane  is  directly  over  a  material  which  possesses  higher  seismic  vel- 
ocity properties  than  the  materials  above  the  failure  surface.     This  method 
is  also  restricted  by  depth  limitations  inherent  in  the  equipment,  and  sur- 
face configuration  of  the  area.  • 
Stability  Analysis 

The  stability  analysis  of  any  landslide  is  dependent  upon  the  accuracy 
of  determination  of  the  following  variables: 

(a)  Geometry  of  the  failure  and  surrounding  area. 

(b)  Water  distribution.  '      .     .  ; 

(c)  Physical  characteristics  of  the  materials  involved. 

(d)  Nature  and  configuration  of  the  failure  surface. 

The  Livingston  landslide  is  very  complex  because  the  existing  failure 
zone  is  only  a  very  small  part  of  the  pre-existing  landslide-s.     The  material 
involved  in  .sliding  are  limestone  rubble  and  silt.     Shear  strengths,  in 
place  density  and  natural  moisture  contents  are  completely  dependent  upon 
the  relative  amounts  of  silt  and  limestone  fragments  as  well  as  the  avail- 
ibility  of  water  in  the  form  of  rain  and/or  snow  and  are,  therefore,  almost 
indeterminate.     Laboratory  shear  strengths  determined  from  samples  of  the 
silt  are  probably  not  representative  of  the  mass.    The  movements  in  the 
existing  failure,  may  precipitate  a  much  larger  failure  in  the  future. 
The  existing  shear  failure  has  been  progressively  advancing  the  head  toward 
the  west.     The  shear  strains  are  evidently  developing  slowly  at  the  present 
time.     Surface  runoff  is  no  doubt  adding  weight  by  changing  the  moisture 
contents  and  thus  the  unit  weights  of  the  materials  in  the  slide. 

The  only  possible  approach  to  a  stability  study  in  this  situation  is 
to  assume  a  dynamic  condition,  with  a  safety  factor  of  under  1.00.     In  this 
manner  it  is  possible  to  determine  relative  safety  factors  under  certain 


-11- 

forseeable  conditions.     This  is  the  type  study  herein  presented.     The  fol- 
lowing assumptions  were  used  in  this  analysis: 

(1)  The  failure  approximates  a  segment  of  a  circular  arc. 

3 

(2)  The  in-place  density  is  130  lbs/ft.   .  .   .  ' 

(3)  The  existing  safety  factor  on  the  failing  area  is  approximately 
0.90.  •       :  .■ 

(4)  The  shear  strength  values  are  fairly  constant  and  will  remain  so 
in  the  forseeable  future. 

With  these  assumptions  several  cross  sections  and  trial  arcs  were 
inspected.     Of  the  cross  sections  studies,  two  were  selected  for  further 
study  as  they  appeared  to  be  the  most  critical.     (Refer  to  Sections  E-EE  &. 
G-GG  in  the  appendix  to  this  report.)  /       ,     .  ' 

Arc  No.  3  in  Section  , E-EE  was  found  to  have  a  safety  factor  of  0.901 

2 

using  shear  strengths  indicated  by  testing,  i.e.     Cohesion  =  325  lbs. /ft. 

o 

with  a  friction  angle  of  15  .    Arc  No.  3  is  believed  to  approximate  the  pres- 
ently existing  failure  surface.     The  safety  factor  obtained  bears  out  this 
assumption.     It  will  be  noted  that  arcs  4,  5  and  .6  have  lower  safety  factors. 
This  is  due  to  the  geometries  of  the  area.     The  fact  there  has  not  been  fail- 
ure along  these  arcs  indicates  that  either  (1)  higher  shear  strengths  exist 
in  the  materials  further  west  or  (2)  the  so  called  "starting"  friction  has 
not  yet  been  overcome.     (Rem.oval  of  more  materials  in  the  vicinity  of  drill 
hole  A-3  would  no  doubt  initiate  this  larger  movem.entj   if  this  is  the  case.) 
The  safety  factors  were  derived  by  the  use  of  the  following  equation; 

Resisting  Forces 
Safety  Factor  =   

Driving  Forces  . 
Where  Resisting  Force  =        C  -1-   CT  Tan  , 
C  =  Cohesion  X  Arc  length 


yJ      =  Stress  normal  to  the  slip  surface 
4^     =  Angle  of  Internal  Friction 

Drivinf^  Force  =  Stress  tangential  to  the  slip  surface. 
A  planar  type  failure  was  also  studied  through  s  cross  section  at 
station  1576-rlO.     The  assuraeci  failure  plane  extends  from  the  top  of  the 
limestone  noted  at  a  depth  of  35.0  feet  in  drill  hole  A-2  eastward  into  the 
river.     From  the  limestone  contact  in  hole  A~2,  the  planar  surface  extends 
705  feet  west  to  include  the  area  bounded  by  arc  No .  3  in  the  circular  arc 

studies.     The  same  strength  parameters  were  used  in  this  analysis  as  in  the'. 

o  2 
circular  arc  studies,  nam.ely  0  =  15    and  325  lbs. /ft.     cohesion.    Using  ■ 

these  values,  a  safety  factor  of  1.18  was  obtained.     This  value  is  evidently 

too  high  because  either;   (1)  the  strength  parameters  used  in  the  calculations 

are  greater  than  the  actual  values  or  (2)  the  slip  plane  is  .not  as  assumed 

and  the  failure  has  not  occured  entirely  along  a  planar  surface.  Another 

o     .  , 

anal37-sis  was  made  using  an  angle  of  internal  friction  of  12    v/itn  tne  same 
cohesion  value  of  325  lbs. /ft.   .     The  lower  friction  angle  reduced  the  safety 
factor  to  0,993  for  a  planar  failure.    A  failure  surface  910  feet  in  length 
was  used  in  both  analyses. 
Areas  of  Further  Exploration 

The  steep  slope  at  the  head  of  the  failing  zone  continues  to  add  driving 
V7eight,  as  the  materials  move  down  and  away  from  it.     It  is  possible  that  a 
natural,  as  yet  undetermined,  barrier  to  head  advanceraent  may  exist.  This 
could  only  be  determined  by  deep  drilling.     There  is  no  assurance  that  this 
drilling  V7ill  provide    useable  information  but  if  money  and  time  permit, 
drilling  here  may  be  of  value. 

Water  was  not  encountered  in  the  drilling  and  probably  many  test  holes 
vc'ould  be  required  to  completely  determine  the  ground  Woter  characteristics 


in.  the  area  of  the  failure.    The  very  large  blocks  of  limestone  north  and 
south  of  the  failing  arc  may  be  moving  as  evidenced  by  small  changes  in  con^ 
trol  points  in  this  vicinity.     If  careful  study  determines  this  to  be  true, 
test  holes  in  these  areas  ma)^  be  required.  ■  ■ 

Several  factors  should  be  considered  prior  to  a  continuance  of  this 
investigation. 

(1)  The  sliding  planes  have  not  been  discovered.     It  is  doubtful  if 
the  methods  utilized  will  provide  the  exact  configuration  of 
these  surfaces  without  additional  equipment  such  as  the  slope 
indicator. ' 

(2)  The  landslide  is  active  and  may  become  a  major  failure  this 
spring  as  it  did  in  1965.     •  ^ 

(3)  Added  investigation  may  cost  a  great  deal  of  money ■V7ith      .  , 
little  benefit  derived  because  of  the  complexity  of  the 
situation. 
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Te rmi n i      Landslide  Research  Project 


MONTANA  HIGHWAY  COMMISSION 
Helena,  Montana 

  Project  No.  HPR-l( 5) 


Hole  No. 


Date  Taken  17.  18.1Q.22.  1966 


Location  ^0*  Lt.  Temp.  Line  Sta.  1572+71.  53 1 mature  

—      Party  Chief    Swanson   Others         Deegan  &  Stevens 


Livingston  Landslide 


Desc  r/^  t/on  of  A7a  ^er/a/ s 


I 


I? 


55.0' 

/V^.  c/Z/am/ner 

30" 

S/^v.  <^  (^rcunaZ  hZa^er.  22.3* 


16.2 


^8.0' 


55.0' 


Firm  fractured  limestone 
with  tan  clayey  silt. 


Soft  tan  clayey  silt 
with  limestone 
fragments . 


A-^3) 


Greenish  gray  shale 


Bottom  of  Hole 


2"  S 


ample 


rube 


Total  NX  Casing  '^^ 
j^enetration  Test  -  1^0#  Hammer 


2 
3^ 


1 
2 

1 


50/R 
50/R 
/27/6 

/12/1 
6/8/8 

/8/7 
/l3/2:i 
/16/1 
/22/3 

Core 


0.^' 
0.4' 
1.5* 
1.5' 
1.5' 
1.5' 
1.5' 
1.5' 
1.5' 


@ 


@ 
@ 
@ 
@ 
@ 


to  5; 4' 

to  10,i^» 

to  16.5' 

to  21.5' 

to  26.5' 

30. i^-'  to  31.9' 

35.0'  to  36.5' 

40.0'  to  41. 5» 

45. 0'  to  46.5' 


5.O' 
10.0' 
15. 0' 
20.0' 
25. 0' 


Drilli  ng  Da 


5.^ 
10.4 

46,5 
50.0 


to 
to 
to 
to 


10.0 
15.0 
50.0 

55.0 


Core  Recovery  =  40^ 

n  .:  w  =40^ 

"  i.  "  ■  =  80^ 
"  «         =  ifO^ 

Used  NX  5»  Rigid  barrel. 


Thin 


wallec.  Shelby  tubes 


2"  si- 
21"  £ 


elby 
helby 

Left 


rom 
from 


26.5'  to  28.0'  in  4  sec, 
30. 0'  to  30.4'  in  3  sec, 


40'  Perforated  Casing  in  hole. 
Water  Levels 


10/11/66 

10/17/66 

10/21/66 

11/1/66 

11/29/66 

12/23/66 


22.0' 

22.9' 
22.3' 
22.2' 
22.2' 

22.3' 


\ 
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MONTANA  HIGHWAY  COMMISSION 
Helena,  Montana 


';ore  Log  No.  682  

Termini  Landslide  Research  Project 


Project  No.     HPR  -l(  5  )     Hole  No.  A-2 


Date  Taken  Aug.  23.  24.  25.  26.  1.966 


Location 


Temp.  Line 
34*  Lt.  Sta. 


Structure   Livingston  Landslide 


— J     Party  Chief  Swanson 


Ot he rs        Deegan  &  Stevens 


35.0 


76.0 


A-4(4) 


Limestone  cobbles  and 
Boulders  -  all  fragmented 
in  matrix  of  soft  tan 

silty  clayo 

Very  dense  below  i6.0'» 


Dull  gray,  mottled  fine 
crystalline  Limestone 
with  thin  i«  to  i"  thick 
seams  of  brown  plastic 
clay. 


Bottomed  hole  in  same 
—  material. 


I 


2"  Sample 


50/R 
50/R 
50/R 
50/R 

Core 


30.2 

32.3 

35.0 
40.0 
45.0 
50.0 

55.0 
65.0 
68.0 

Used 
Used 

Used 
Used 


Thin 


Total  N.X.  Casing  =35.4 
tube  fjenet ration  Test  -  l40#  Hammer 


0.3 
0.3 
0.2 
0.2 


Drilling  Data 


to 
to 
to 
to 
to 
to 
to 
to 
to 


5»  Rigid  cere  barrel  to  45. 0» 


10 «  S/^ivel 


2i"  hhelby 
helby 


Left 


Water  Levels 


10/11/66 
10/17/66 
10/21/66 
11/1/66 
11/29/66 


12/2 


/66 


/^/see//emeou<s  Oaf  a 


76.0 


3S.0 


140# 


S/ey.  «g?^  i/roidnc/  iVa  ^er.  26.2* 


32.3, 
35.0 
40.0 
45.0 
50.0 
55.0 
65.0 
68.0 
76.0 


tube 


60 «  F erf or 


27.4 
26.6 
26.7 
26.9 
27.2 
27.4' 


15. 0»  to  15.3' 

20. 0»  to  20. 3» 

25. 0»  to  25.2* 

30. 0«  to  30. 2» 


Core  Recovery 


=  75^ 


40^ 

50^ 

75^ 

70^ 

100^ 

100^ 

100^ 


core  barrel  to  7^.0' 


Carboloy  Bit  on  NX  Casing  to  28.0' 
Diamond  Bit  on  NX  Casing  to  35.40 


walled  Shelby  tube  sample. 


5.0»to  6. 5' in  6  sec.  (No  sample) 


tube  4.5'  to  7,6'  in  3  sec.  (poor  samplje) 
ted  Casing  in  Hdle. 


MONTANA  HIGHWAY  COMMISSION 
Helena,  Montana 

Project  No.  HPR  -1  (5) 


Page  #  1 


A-3 
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';ore  Log  No.         683   Project  No.  HPR  -1  (5)       Hole  No.. 

Termini  T.and.^-l  i  rla  Research  Pro ient  Date  Taken      Sept.   1^  to  Oct.  6.  1Q66 

^     Location  ^60*  Lt.  Temp.  Line  Sta.  157^39   Structure        Livingston  Landslide 
—      Party  Chief  .S-^anson   Others  Peegan  &  Stevens 


2.5 


20.7 
25.0 


73.0 


7^.0 


Oesc  r/^  t/o/t  of  A7a  ^er/a/  s 


Limestone  rubble  with 
Some  Silt. 

Soft  Clayey  Silt  with 
limestone  fragments, 
mostly  gravel  sizes* 


"Limestone  fragments  & 
greenish  shale 

-firm- 
Greenish  gray  shale 
with  a  few,  very  thin 
soft  layers. 


2"  Sample 


8/6/4 
3/3/^ 

17/29 
50/R 


Very  soft  clay,  possible 
slip  zone. 


.X79.1  to  79.9  Hard  red  shale. 


25.0 

35.0 

41.7 
46.0 

50.5 
56.0 
66.0 

70.0 

73.5 

78.4 

83.5 

91.0 
96.0 
100.0 
103.8 
107.6 
111.6 
ll6«0 
119»0 
123.2 
127.6 
133.2 
134.4 
137.2 
147.3 
157.3 
167.0 


1^ 


1.5 
1.5 

1.5 
1.5 
0.4 


to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 


£>e/^i^  0/ //o/e 

216. 0» 

/fccA 

JV^.  0/ /Yammer 

140# 

3O" 

Tube 


Total  NX  Casing  -  115» 
Total  BX  Casing  -  140»4» 

Penetration  Test  -  140# 


@ 


Core 


//ev.      </rcun€^  f^a^er.  162.8* 


5.o» 

11.5* 
15. 0' 
20.7* 
78.0* 


to 
to 


6.5» 
13. 0» 
to  16. 5» 
to  22,29 
to  78. 4» 


Drilling  Data 


35.0 
41.7 
46.0 

50.5 
56.0 
66.0 
70.0 

73.5 
78.0 

83.5 
91.0 
96.0 
100.0 
103.8c 
107.6 
111.6 
116.0 
119.0 
123.2 
127.6 
133.2 
134.4 
137.2 
1^+7.3 
157.3 
167.0 

177.0 


Core  Recovery 

n  «v 


«« 
«« 
«f 
ft 
t» 
«i 
»« 
n 
w 

K 


=  ^5^ 

=  50^ 

=  95/0 

=  100^ 

=  35^ 

=  23'^ 

=  62^ 

=  90^ 

=  98^ 

=  80^ 

=  % 


10% 

55^ 
50^ 
34^ 
17^ 
75i 
67i 
35% 
50% 
90% 
Qli 

95% 
100% 
100% 
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Landslide  Research  Pro.ject 


MONTANA  HIGHWAY  COMMISSION  Page  #2 

Helena,  Montana 

  Project  No.    HPR-1.('^)       Hole  No.   


Date  Taken    Sept.  1  to  Oct.  1966 


Location    ^60*  Lt.  Temp.  Line  Sta.  157^39  Structure    Livingston  Landslide 


Party  Chief  Swanson 


Others      Deegan  &  Stevens 


Descr/p  tton  of  A^a^er/a^ S 


I 


216.0' 


/^f^r^/^e  /a//o/ //a/rrm€r  30" 


105. 


-=zX> 


120, 


'<3 


136, 


Core 


Drilling  Data  Continued. 


Greenish  gray  shale 
with  a  few,  thin 
limestone  beds. 


177.0 
187.0 
196.4 
206,0 


to 
to 
to 
to 


187.0 
196.4 
206.0 
216.0 


Core  Recovery  = 


100^ 
100^ 
100^ 
100^ 


Thin 


walle 


i  samples' 


2" 
2i" 


Sljielby  "fube  % 

IB 


Greenish  gray  and  maroon 
shale  with  limestone 
rubble  -  Produces  water, 
(some  thin  sand  layers) 


@ 


6,5»  to  8.0*  in  4  sec 
10. 0»  to  11.5*  in  4  sec 
20. 0»  to  20,7*  in  3  sec. 


Set 


Wate 


60 »  Psrf orated  Casing  in  hole 


Levels 


Greenish  to  purple 
shale  with  limestone 
fragments.  Very  Micaeous 


10/17 
10/21 
l0/27y 


66 
f66 
66 


66 


10/31. 
12/22^66 


Gray  shale  with  thin 
beds  of  fragmental 
limestone. 


162.8 

162.8 
162.8 


162.8 
163.2 


@  116*  &  119'  -  Small  artesian 
flows  for  2  to  3  hours  when 
penetrated.    Evidently  small 
pods,  completely  drained  in 
8  to  10  hours. 
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MONTANA  HIGHWAY  COMMISSION 
Helena,  Montana 

Project  No.HPR  -1  (5) 


.Page  #  ^ 


Hole  No. 


A-3 


Te rmin i     Landslide  Research  Pro.ject 


Date  Taken        Sept.  1  to  Oct.  6,  1966 


""j  Location  ^60*Lt.  Temp.  Line  Sta.  157^39  Structure  Livingston  Landslide  ^, 
^     Party  Chief  r.nnk   Others  Green  and  Yost  


162.0 


176.  f 


186. 4Xn 


216. (HI 


Descr/p  tfon  of  A^a^erta^s 


^      Gray  limestone  with 

thin  gray  shale  layers. 


Gray  &  Brown  mottled 
limestone. 

Gray  mottled  limestone. 


Gray  &  Brown  mottled 
limestone  very  fractured 
at  190»  -  2« 

(some  pyrite  in  the 
limestone) 


Bottomed  hole  in  gray 
&  brown  mottled  limestond. 


I 


216. 


/^y.  c/Z/am/ner 


b.  Form  30 
revised  11-22-55 
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  Project  No.    HPR  -1(5)        Hole  No.  

Landslide  Resea^rch  Project   Date  Taken    Oct.  6  to  Nov.  10 


1966 


Loca t i on       685*SW  of  Hole  A-3 


St  rue  ture     Livingston  Landslide 


'     Party  Chief_ 


Cook 


Others 


Green  &  Yost 


CM' 


J 


J 


3^.0 


r 


<0 


2"  Simple  tube  fjenet ration  Test  -  1^0#  Hammer 


Stiff  Brown  Clayey 
Silt. 


6/20/ L9 
11/15/ 

.3/15/19 
20/26/ 
50/R 

50/R 
.1/32/ 
Ll/50/ 
'17/50/ 


1.5 
l8  1.5 
0.8 

1.5 
^0  1.5 
0.2 
0.0 
1.5 


'.I 


Dense  Brown  Silty  M/C 
Limestone  Gravel  • 
Soft  Gray-Green  Shale 
W/Siltstone  lenses. 


l6/iV[31  1.5 
BX  Cksing  brive 


Dense  Brown -Red -Buff 
Silty  Sandy  M/C  Limeston 
Gravel  w/ occ  o  boulder , 


Hard  Buff -Red  Limestone, 
extensively  fractured, 
brecciated  in  part, 
interbedded  silty  & 
shaly  lenses. 


50 

16 
11 
18 


0.9 
1.0 
1.0 

1.0 
1.0 


Shelby 


8. 

12o 
1^. 

17. 

22. 
165. 


0 
6 
1 
7 
7 
0' 


0.9 
0.9 


@ 


@ 


to 
to 
to 
to 


to 


9.^» 

14, 1» 
15. 6» 
19.2" 


Rei'usal 


y^/sce// Of!  ecus 


/f<^cA   Limestone  &  Shale 


365.^* 


M^.  o/Z/a/n/rrer  i^o#  &  300# 


30" 


S/^V.  cf  i^rvun^  iVafer.      2^  1 . 5  ^ 


2^.5  to 
30.1  to 
36.3  to 
^0.3  to 
^5.0  to 
50,3  to 
55.3  to 
90.8  to 
95.0  to 
165.7  to 


26.0 
31.6 
37.1 

^1.8 
^6.5 
50.5 
55.3 
92.3 
95.9 
166.6 


No  Penetration 


25^.0  to  255»5 
300#  Hammer 


1.0  to  1.9 
6.0  to  7.0 
11.0  to  12.0 

16.0  to  17.0 
21,0  to  22.0 


Tube  Samples 


165.7 


18  Sec» 

13  w 

11  " 

12  « 


Started  to  Core  55. 6< 


Drew            59. 8« 

57^ 

Rece 

"  66.0 

37^ 

»»  7O0O 

75^ 

n 

"  75»0 

50^ 

"  80.0 

« 

«  90.0 

50i 

Started  to  Core  95.9* 

Drew  100 

n 

"   .  110.0 

n 

"  120.0 

n 

"  130.0 

36^ 

n 

"  135.0 

50^^ 

n 
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';ore  Log  No.  33  

Te rml n i    Landslide  Research  Project 


MONTANA  HIGHWAY  COMMISSION 
Helena,  Montana 

Project  No.  HPR-1(5) 


Hole  No. 


Page  #  2 


Date  Taken      Oct.  6  to  Nov.  10»  1966 


Loca t i on      68S*  SW  of  Role  A -3 


Structure 


Livingston  Landslide 


Party  Chief_ 


Cook 


Others 


Green  &  Yost 


365.4 

f 

/r'ocA 

T.-i  niFi?^t.nT^p 

_&_Shale 

/a// o/ //a/r7/rr€r 

30" 

Drew 

140-0 

76^  Rec, 

ft 

1^5.0 

50fo 

tt 

ti 

150.0 

100^ 

It  „ 

»i 

155.0 

33^ 

It 

>t 

:  160.0 

25% 

tt 

« 

■V    165  «0 

50^ 

It 

It 

170.0 

100^ 

It 

»» 

i:  175.0 

80^ 

It 

H 

178.0 

100% 

tt 

«t 

184.0 

If 

tt 

■  190.0 

40^ 

l« 

?1 

195.0 

80^ 

II 

ft 

200.0 

25fo 

It 

It 

205.0 

40/a 

19 

n 

210.0 

40^ 

tt 

It 

215.0 

25fo 

tt 

»i 

220.0 

25fo 

u 

«i 

225.0 

25^ 

«s 

«i 

:  230.0 

10^ 

«l 

It 

■235.0 

10/0 

19 

»» 

•i  238.0 

20fo 

II 

n  ■,■•>;,: 

'^v  239.3 

50/0 

11 

»l  .;>-■'■ 

•      245.5  - 

1% 

VI 

It 

.  247.0 

None 

H 

253.0 

80^ 
100^ 

tt 

QD 
VI 

■  254.0 

tl 

II 

257.8 

30^ 

tt 

tl 

263.6 

15% 

IS 

tt 

267.4 

42^ 

tt 

«l 

268.1 

80^ 

91 

Started 

to  Core  269.4» 

Drew 

276.6 

80^  Rec' 

«i 

281.7 

80% 

It 

t( 

286.7 

100^ 

It 

II 

296.7 

96^ 

II 

ft 

299.6 

100^ 

tt 

tt 

309.6 

100^ 

If 

tt 

316.1 

100% 

11 

tt 

322.4 

100^ 

tt 

n 

326.4 

100^ 

ft 

ft 

331.7 

100^ 

ft 

n 

335.0 

100% 

It 

-  ^1 


1^ 


80.0  - 


89.5 


96.0 


J 


1 


>3 
N 


t- 


XIE 


Oesc  r/p  t/on  of  A7a  ^er/a^  S 


Refer  to  sheet  #  1 


(Possible  Slip  Zone) 


Moderately  Soft  Green-Gray 
Shale  &  Buff  Clayey  Silt 
w/Hard  Limestone  fragments. 


Hard  Gray-Buff  Limestone, 
_Extensive      high  angle  & 
Vertical  iron  Stained  & 
calcite  covered  fractures, 
brecciated  in  part  with  red 
&  buff  silt. 


I 
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^•o^e  Log  No,  ^3   Project  No.    HPR-K  5)  Hole  No.  A-4 

Termini      Landslide  Research  Project   Date  Taken       Oct.  6  to  Nov.   10.  1966 


Locat i on      685*  SW  of  Hole 


St  rue  ture       Livinp;ston  Landslide 


Party  Chief_ 


Cook 


Others 


Green  &  Yost 


160.0 

165.0 
165.7 
167.1 

168.7 
173.^ 


'9. 
iO. 

183. 

56. 
J7. 


190.5 


198.0-^ 


XL 


oQ 


Desc  r/j:j  t/on  of'  A7a  ^er/a^ S 


-.60.0' 


(Possible  Slip  Zones  between 
Soft  Mottled  Green-Buff -Browiji  Clayjjy 
Silt  w/Hard  Limestone. fragments 


cia. 

■f 


_Hard  Ls.&  Clayey  Silt  Brecj; 
Soft  mottled  Brown-Red-Bu 
yClayey  Silt  w/Hard  Ls.  fragment^ 
jiard  Gray-Red  Vugular  Ls. 

Hard  Red -Buff  Ls.&Silt  B 
"\  w/ soft  Yellow -Brown  Clay 
Hard  Gray-Green  Ls.  w/red 
holes  &  vertical  fracture 


r(jccia 


iiard  Gray  f/M  Sandstone. 
Hard  Gray  Ls.  &  Buff-Browi 
Clayey  Silt  Breccia. 

^ard  Gray-Red  Vugular  Ls 
-\_Soft  Buff  Clayey  Silt,  Slickensided. 

Hard  Gray-Brown  Ls.,  Exteifisive '  jfractutres. 


M.  Hard  Mottled  Buff -Red 
Calcareous  Siltstone, 
clayey  &  brecciated  in  pa 


<0 


Silt 
vug. 


t. 


&  198 


0^ 


Hard  Gray-Brown  Limestone^ 
extensive  iron  stained 
vertical  &  high  angle 
fractures,  occasional 
Gray-Green  Siltstone 
lenses* 


/i'^cA     Limestone  &  Shale 


j^f^erg^e  /a//€>/ //a/,7rrr€r  3O" 


Drew 
»i 

If 

It 


339.2 
3^1.7 

351.3 
352.3 
358.6 

365.^ 


100^  Rec, 
100^  " 
100^  "  ^ 
100^  " 
100^  "  : 
100^  " 


No  water  return  to  257.8*  except 
for  small  zones. 


Total  NX  Casing 
Total  BX  Casing 


238. ^» 
268. 


Left  275 »  Perforated  Conduit  in 
hole. 


Water  Levels 


11/15/66 

11/29/66 
12/22/66 


2^1.0' 

2M.0» 

2^1.5' 
241. 8» 
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':ore  Log  No. 


Hole  No.  A-^ 


33   Project  No.    HPR-K  5)   

Termini      Landslide  Research  Pro.ject   Date  Taken     Oct.  6  to  Nov.   10 «  1966 

Location      685*  SW  of  Hole  A-3   Structure^ 

Party  Chief       Cook  Others  Green  &  Yost 


Livingston  Landslide 


*J^ri7t //^/cat/on 


1 


J 


J 


Desc  r/^  t/oft  of  A7a  ^er/a^ s 


Refer  to  previous  sheet 


(Possible  Slip  Zone  252. 
Soft  Buff -Green  Clayey  Sil 

^  LiS.  &  Green  Shale  Breccia. 

Soft  Dark  Green-Black  Shal 
Clay  w/hard  Buff  Ls.  fragm 
thin  lenses 


I 


D-257.8') 

b  &  Halrd  Brotwn 

5  & 
snts 


Interbedded  M.  Hard  Dark 
Gray-Green  Shale  &  Hard 
Gray  Limestone,  brecciated 
in  part,  occasional  slicken- 
sides,  bedding  varies  from 
near  horizontal  to  vertical. 


Vertical  Bedding. 


/f'^cA     Limestone  &  Shale 


c/Z/ammer     i^0#  &  300# 


Full  water  returns  below 
257. 8» 


ab.  Form  30 
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';ore  Log  No.  33   

—J       Termini     Landslide  Research  Project 


Project  No.     HPR-l(5)         Hole  No.  A-4 


'Location     685'  SW  of  Hole  A-3 
^       Party  Chief  cook 


  Date  Taken     Oct.  6  to  Nov.   10,  1966 

Structure  Livingston  Landslide 


Ot he rs     Green  &  Yost 


"1  ijtrat //^/cat/on 


] 


] 
] 


J 


320.  C.^ 


>3 


365. 


-IT 


Oescr/pttott  of  A7a^er/a^s 


Vertical  Bedding 

Interbedded  M.  Hard 
Dark  Gray-Green  Shale 
, &  Hard  Gray  Limestone, 
brecciated  in  part, 
occasional  slickenside|s 
bedding  varies  from 
near  horizontal  to 
vertical. 


Soft  Clayey  Zone, 


Vertical  Bedding. 


Bottom  of  Hole. 


\ 


Limestone  '&  Shale 


/yy.  o///ammer     i40#  &  300  # 


/^\^era^e  /k//o///a/rr/fr€r  3O" 
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Dist.  Lab  No. 


STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
Helena,  Montana 

Lab  No  .3.329.^1  Sample  N0._-__-.H9le.A-A  Project  No..-.H-P-R-U-5)-.  

Termini  iaiids.li-de_  Research.  Prpje^^^^   

Date  sampled  ^ill-ZZL^.^.  Date  received  .S2-?-?-ZM   ..Kind  of  Deposit.-Landsiide_ 

Submitted  by  .......Q.lark   Title  Ge.9.1.9.S.i?.'k..I.I.?.  Address  .Helena  _____ 

Quantity   ........Pit  by  stationing  ^.9.^..Lt  t..T_emp.  _Lin_e  S^^^^ 

Pit  is  in          

Represented  by  Lab  No  _     County     

Owner  of  Pit  .  Address  

Mile  or  stationing  represented  by  prepared  sample   

Examined  for  Mpis.ture,..  Hydrom^^^ 


Wt.  of  sample  taken  _  Lbs.._  100% 

{■ 

Wt.  retained  4-Mesh._  _  Lbs.  % 

 % 


Hydrometer 


wt.  passing  4-Mesh  Lbs  

Before  wash  _  _         After  wash   LBW.. 

Fines  %  Total  sample  


Depth  1.0«-3.0- 

^  SAND 

Size        saessEisss:  Pct. 
%"     Depth  l6.5'-28.0' 


Pct.  Pass. 


-% 


Ind.  Wt.  Ret. 


Size 

4" 
3%- 

3" 
2^" 

2" 

1" 

Vz" 
%" 
4M 


GRAVE3L 

Tot.  Wt.  Pass 


Depth  1.0' -3.0 

Pct 


.....S.9.. 

 31.. 

 94_ 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  %  Strip  F   C. 

Mfg  %  Strip  F   C. 


Asp. 
Asp. 


.11  

61 

3z....... 

.-5^-  

.-5.1  

^9  _  _ 


100 
""80' 


_4_o__._5    .vQ.Q.5-iM., 

  -^22HMX  ^-QQ-3i!ini-. 


.53.. 

51 

T6 


.11.. 


Wear   _....%  Wt  _   SG  _  

*  LL   PL  _   PI  _. 

Permeability  _   Capillary  rise  

Maximum  density   Optimum  moisture.-.  _  

Soil  Classification  ,  _  

Coarse  Portion  is.„.  _    %  crushed 

Dust  Ratio   —4  +  10   —4  +  40  _  

Absorption..    _    Color  

Volume  Swell  Results   Material  Oi  ed  With   

 %  by  Weight  of    

Swell:  24  hr  %;  8  day  %.  Condition  of  Specimen:  


Remarks: 

Depth 
25.5'-26.0' 

26.5'-28.0' 

^9.0' 


Natural  Moisture 
10.7/0 

9.9/0 
18.5/ 


LL 


*  Depth  1.0« 
Depth  26.5' 
Depth  1.0' 
Depth  26.5' 


3.0'  17.00 
.  28.0'  23.00 
3.O'  =  A-4(l) 
-  28.0'  =  A-4(3) 


PL 


1^.89 
19.51 


PI 


2.11 
3.^9 


Unconfined  Compression  Test  @  26.5' 


Shear  strength  =  l/2  Qu  -  IO33  ^/it.^ 
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STATE  MIGHWAY  COMMISSION 

^.  ,  ,   ,  OF  MONTANA 

Dist.  Lab  No,....    ,       _^  , 

Helena,  Montana        ^   ^„   o  ^. 

Lab  No  .3.3.^.829  Sample  No...HQle .  A-l^Depth  Project  N0.....HPR-I.C 5)  

Termini   Lands  lMe..R.e.s.earch_  Pro     

Date  sampled  Qj.3-0jM-  Date  received.....   Kind  of  Deposit....,..Landsli^^^^ 

Submitted  by  Clark  Title  .Geologist  _III  Address..  ...i^.elena  

Quantity    Pit  by  stationing......^.6.0.'_.Lt......T emp_,. .Line_Sta.___  117^39  

Pit  is  in  .  ..        -   

Represented  by  Lab  No       ..County   

Owner  of  Pit...       Address  1  

Mile  or  stationing  represented  by  prepared  sample.   

Examined  for_....Mo.i.s.turej,__Den_s_i^^^   


Wt.  of  sample  taken  _  Lbs.  100% 

Wt.  retained  4-Mesh._  _  Lbs  % 

Wt.  passing  4-Mesh  Lbs.  % 

Before  wash  _  _         After  wash   LBW  -  

Fines  %  Total  sample  — -  —  % 


Ind.  Wt.  Ret. 


Size 

4" 

3" 
2^" 
2" 

I'A" 

r 

hi" 
%" 

4M 


GRAVEL 

Tot.  Wt.  Pass. 


Pet 


70. k 

 25.d  

68.6 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  %  Strip  F   C. 

Mfg  %  Strip  F   C. 


Asp. 
Asp.. 


-% 
-% 


SAND 

Ind.  Wt.  Ret. 

Size            Tot.  Wt.  Pass. 

%"                             .  ■ 

Pet. 

lOM  

 5.?..-3-.. 

20M  .   

  aoM  _     

40M     

28...5.. 

50M                          ...  ... 

60M  .   

ROM 

TOOM 

200M   

10".'9'" 

 ._                                270M   _    

..  _                   — 270M  ^  

Wear  _....%  Wt. 

._...:33.i6......... 


    SG   

LL..   PL  2.9A5  pi........a..Zl  _. 

Permeability  _     Capillary  rise   

Maximum  density     Optimum  moisture..  

Soil  Classification .  .....k-.l-^.  -  

Coarse  Portion  is  —  _  -   %  crushed 

Dust  Ratio.....   —4  +  10   —4  +  40  _  

Absorption   _  _   Color  

Volume  Swell  Results   Material  Oi  ed  With  ...  

 %  by  Weight  of.  .-  .-. 

Swell:  24  hr  .%;  S  day   %.  Condition  of  Specimen:  


Remarks: 

Natural  Wet  Density  =  13^  ^/ft.-^ 
"      Dry       "        =114  " 
"      Moisture  Content  =  17.6^ 


Unconfined  Compression  Test 
Qu  =  3657  ^/ft.^ 

Shear  strength  =  l/2  Qu  =  I828  lbs. /ft. 


2 
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Dist.  Lab  No. 


STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
Helena,  Montana 


Lab  No  336670   ......Sample  No  Hole  _A-3_,_Depth___l  No....-..-HPR-.l.(.5)  

Termini   L.a.nAs.l.ide  _Resea_r^^     

Date  sampled.— .Si-9./-6.6.  Date  received  IQjAjA^-  Kind  of  Deposit..... .LsMslide. 

Submitted  by  .Clark  Title  -G.e_Q.l.ogist_III  Address  .Helena..... 

Quantity     ....Pit  by  stationing  .^.Q;...Xt.^..Temp..v..Li.ne..S..ta.^^   

Pit  is  in         -   

Represented  by  Lab  No     County  

Owner  of  Pit.....       Address  

4 

Mile  or  stationing  represented  by  prepared  sample   

Examined  for   .Hy.dr.omete.r  ..&..A.tterber^..Li^^    


'  Wt.  of  sample  taken  _  Lbs  

Wt.  retained  4-Mesh._  -  Lbs  

Wt.  passing  4-Mesh  Lbs  

Before  wash  _  _  After  wash   LBW.. 

Fines  %  Total  sample  


.100% 
.......% 

 % 


Ind.  Wt.  Ret. 


% 


Size 

4" 

3" 

2" 

I'A" 
r 

%" 

4M 


GKAVEL 

Tot.  Wt.  Pass. 


Pet. 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  %  Strip  F   C 

Mfg-  %  Strip  F   C. 


Asp. 
Asp. 


.% 

-% 


Ind.  Wt.  Ret. 


Size 

%" 
4M 
lOM 
20M 
30M 
40M 
50M 
60M 
80M 

200M 


SAND 

Tot.  Wt.  Pass. 


Pet. 


X7i595gK  -  .0.0.5.™l_ 

2sm  ^  _..Q0.3.iKa.. 


..80.. 
'68 


-  50._... 

^6  _ 
Ik- 

10 


2.29 


Wear  _....%  Wt     SG...... 

LL        26.,.6^.  PL  24,2i  PI  

Permeability     Capillary  rise  

Maximum  density    Optimum  moisture  

Soil  Classification  .4  -.M.?.)....  . 

Coarse  Portion  is  _  —    .....%  crushed 

Dust  Ratio   —4  +  10   —4+40  _  

Absorption   _  -   Color  

Volume  Swell  Results   Material  Oi  ed  With  

 .....%  by  Weight  of-  -  — - 

Swell:  24  hr  ...%;  8  day  %.  Condition  of  Specimen:  


Remarks: 


Form  No.  123— Rev.  54  '^^ 

STATE  HIGHWAY  COMMISSION 

^.  ,  .   ,  OF  MONTANA 

Dist.  Lab  No    „,  ,  ^ 

Helena,  Montana  q,  _ 

Lab  No  33^880    Sample  No...Hple._A-3^..Depth  Project  No  HPR-rl(iI.„.. 

Termini  LaMslL4e.Aes_earc_h_^   

Date  sampled-...sZ30./-66...   Date  received  SJM'M....   Kind  of  Deposit.....  Landslide 

Submitted  by  Clark    Title-.--.G.eQlogist.  Ill   .....Address  Helena  

Quantity    Pit  by  stationing  .^-6Q.^.Lt  .__Temp_.__  Line_  St^^^   

Pit  is  in..        

Represented  by  Lab  No       County  

Owner  of  Pit    Address  ..—  

Mile  or  stationing  represented  by  prepared  sample    

Examined  for   .Moisture.5._Densi_t^^^   


Wt.  of  sample  taken  _  -  Lbs  

Wt.  retained  4-Mesh._  -  Lbs  

Wt.  passing  4-Mesh  Lbs   

Before  wash  _  _  After  wash   LBW.. 

Fines  %  Total  sample  


.100% 

.  % 

 % 


-% 


Xnd.  Wt.  Ret. 


Size 
4" 

3' 
2W 

2" 
1%" 

ly*" 
1" 


GRAVEI. 

Tot.  Wt.  Pass. 


Pet. 


80 . 9. 

%-   zS..z  

 _  6i..o  


4M 


Acceptable  for  use  with  oil.... 
AASHO  Swell  and  Strip  Test: 

Nat  %  strip  F  

Mfg  %  strip  F  


Asp. 
Asp. 


-% 
-% 


SAND 

Ind.  Wt.  Ret. 

Size            Tot.  Wt.  Pass. 

Pet. 

%" 

lOM                     .  .   

 -  -                      ..  20M   

    SOM  .       

40M  .    

19....0.. 

fiOM  . 

80M                                  ,  ,  .  . 

200M   .. 

6.? 

270M   _ 

— 270M  .   

Wear   %  Wt  _   SG  -.. 

LL...  32...Z5  -  PL..  28,1^  PI  5..61  _. 

Permeability    Capillary  rise  

Maximum  density   Optimum  moisture..  

Soil  Classific/ktToln   A-l.-a...   

Coarse  Portion  is  _  _    %  crushed 

Dust  Ratio   —4  +  10   —4  +  40.  _  

Absorption  _  —  —  .  -  Color  

Volume  Swell  Results   Material  Oi  ed  With  

 %  by  Weight  of  — - 

Swell:  24  hr  .%;  8  day  %.  Condition  of  Specimen:  


Remarks: 

Natural  Wet  Density  =139  ^/ft.'^ 
"       Moisture  Content  =  2^.6^ 


Form  No.  123— Rev.  54 

STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
   Hel 

Lab  No  3-3-?838   ......Sample  NoHole  _ A-3_,Dep_th __12;__^^^^^^  No  ^Z^...7lL^l 

Termini......Landslide__Re^^     


Dist.  Lab  No. 


Date  sampled.  .10/10/66  Date  received  1.QX12/-6.6  Kind  of  Deposit  .Landslide . 

Submitted  by  Clark   ......Title  Geologist,  III  Address  .Helena  

Quantity    Pit  by  stationing  .^.60.1.  Lt,__  Temp  . _  Li  


Pit  is  in      

Represented  by  Lab  No    County... 

Owner  of  Pit      Address. 

Mile  or  stationing  represented  by  prepared  sample  

Examined  for....Iiydrometer  Atterbur   


Wt.  of  sample  taken  _  Lbs.  100% 

Wt.  retained  4-Mesh._  -  Lbs  % 

Wt.  passing  4-Mesh  Lbs  -  % 

Before  wash  _    After  wash   LBW  -  

Fines  %  Total  sample  —  % 


Ind,  W'i.  Ret. 


Size 
4 
3 

2 
1% 
IV4. 

1 


GRAVEI. 

Tot.  Wt.  IPass. 


Pet. 


4M 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  .%  strip  F   C 

Mfg  %  Strip  F   C. 


Asp. 
Asp. 


.% 
.% 


Ind.  Wt.  laet. 


S5zo 

%" 
4M 
lOM 
20M 
30M 
40M 
50M 
60M 
80M 

200M 


SAND  Hydrometer 

Tot.  Wt.  Pass,  Pet. 


100 

..15.. 


.9.0. 


l^OM 


„^.Q.0..5inm... 
.....^.0.0.1mm... 


77 

-  ^a-- 

 5.  

_  1....... 


Wear  _.. ..%  Wt     SG  

LL  HP   PL...  NP_   PI  NP  

Permeability  _   Capillar.y  rise....  

Maximum  density   Optimum  moisture  

Soil  Classification  ...   1-4(6)  

Coarse  Portion  is.  _  _  %  crushed 

Dust  Ratio   —4  +  10   -4+40  _  

Absorption  .._    Color  — 

Volume  Swell  Results     Material  Oi  ed  With  

 %  by  Weig-ht  of  — - 

Swell:  24  hr  ....%;  8  day  %.  Condition  of  Specimen:  


Remarks: 


Natural  Moisture  Content  =  7-7^ 

# 

Natural  Density  =  10 5  ^/ft. 


Dist.  Lab  No.. 


Form  No.  123-Rev.  54 

■   STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
Helena,  Morjitaiia 

Lab  No  .338.^57  Sample  No..EQl.e..A^^.,..5.urIa.c.e.„'^°Proj%c?  No  EEK-.1C5}---  -- 

Termini  Landslide. ilesmrch..Pr.o4e-Ct._-..LiAd^^   

Date  sampled  i0./l8/66  Date  received  1Q/.2.?X66  Kind  of  Deposit..  PQssibleSxip..Zpne 

Submitted  by....K.raft  Title  .G.eologi.st  _XI  Address  .Helena  

Quantity  Pit  by  stationing  .685-'— S_¥..H.Qle..A-3  

Pit  is  in  

Represented  by  Lab  No  County  

Owner  of  Pit  .  Address  

Mile  or  stationing  represented  by  prepared  sample  .  

Examined  for  .Hx4.r.9.^Iiet_e.?".j._.A_t_t§_^]?_s.r.g...t.i   


Wt.  of  sample  taken  _  Lbs  100%  | 

Wt.  retained  4-Mesh._  -  Lbs  -%  | 

ij 

Wt.  passing  4-Mesh  -  Lbs  %  { 

j 

Before  wash  _  _  After  wash   LBW—  -  

Fines  -  %  Total  sample  —  % 


lad.  Wt.  Ret. 


Size  lot.  Wt.  Pass. 

 -  

4"   -  

SV^"   -   

3"   

2^A"     

2"   _  

IVi'     

1^"  —  

1"    


%" 
4M 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  %  Strip  F   C. 

Mfg  ......7c  Strip  F   C. 


Asp.. 
Asp. 


SAND  Hydrometer 

lad.  Wt.  Ket.  Sizo  Tot.  Wt.  Pass.  Pet. 

 _...@...Depth       of  162.0°  to  _l62,_3__'_ 


lOM 
20M 
30M 
40M 
50M 
60M 
80M 

200M 


100 

"■"98" 


..21, 


l^QM. 


:2zo:^3X  __J}.Q.5r[ini.. 


,.6k. 


26 


%  wt  _  sc.. 

  PL  _  2Z.r.Q6.._...  PI.. 


Wear   

LL  3.Z.:.25.  

Permeability  _   Capillary  rise  

Maximum  density   Optimum  moisture.. 

Soil  Classification....   ...kMQl...  -  : 


,.5....69.. 


Coarse  Portion  is  _    —  -  %  crushed 

Dust  Ratio....   —4+10...   —4+40   

Absorption       Color  

Volume  Swell  Results   Material  Oiled  With   

 %  by  Weight  of    

Swell:  24  hr  7o;  8  day  %.  Condition  of  Specimen:...  


Remarks: 

Nat-.:. Moisture  Content  =  23.?^    @  l62.0«  to  162.3' 
Direct  Shear  Tests 


c  = 

500 

0  - 

10° 

c  = 

220 

0  - 

20° 

c 

430 

0  = 

if 

2 
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STATE  HIGHWAY  COMMISSION         ■       '  ' 

^.  ,      ^  OF  MONTANA 

Dist.  Lab  No   ^ 

Helena,  Moritana  q,  _ 

Lab  No  333^53.  Sample  No.;riole.lA._.  Depth  Project  No  HPR-_l(5)  

Termini.--.-.LandsJ.id_e_.iles_eBrch  .Pmject.„-.Xm   

Date  sampled...-.lOXi8/66  Date  received  10/22/66  Kind  of  Deposit,. Possible..Slij3_.Zon 

Submitted  by....-.P..-.Xraf.t  Title  .GeQl.o^ist..Il  Address  Helena  

Quantity  Pit  by  stationing  685'...a¥..Hole_  A-3_  

Pit  is  in  -X  

Represented  by  Lab  No    County  

Owner  of  Pit  Address  

Mile  or  stationing  represented  by  prepared  sample  

Examined  for  GrMation^.Atterberg,..Limit^^     


\Vt.  of  sample  taken  _  Lbs  — 

Wt.  retained  4-Mesh._  -  Lbs.—  

\Vt.  passing  4-Mesh  -  Lbs  

Before  wash  _  _  After  wash   LBW  -  -  

Fines  -%  Total  sample  —  % 


100% 

 % 

 % 


Ind.  Wt.  Ret. 


Size 
4%" 

4" 
3^" 

3" 
2M:" 

2" 
IV2" 
IVi" 

1" 

%"  %" 

%" 
4M 


Tot.  Wt.  Pass. 


100 

6^■ 


^6 
.33... 


Acceptable  for  use  with  oii  

AASHO  Swell  and  Strip  Test: 

.Vat  %  Strip  F   C. 

Mfg  %  Strip  F   C... 


Asp.. 
Asp. 


-% 
-% 


Ind.  Wt.  Rei. 


Size 

%"  

4M   

lOM   

20M  

SOM   

40M   

50M  

60M   

80M   

lOOM   

200M   

270M  

-270M   


SAND 

'Sat.  Wl.  Pass. 


Pet. 


2k 


.12  


11.0 


NP 


Wear   _....%  Wt     SG-.., 

LL...  ....NP  _        PL  NP   PI  

Permeability      Capillary  rise  

Maximum  density       Optimum  moisture- 


Soil  Classification.....         

Coarse  Portion  is  _  —  _  -  -%  crushed 

Dust  Ratio     —4  +  10   —4+40  _  

Absorption.....    _   Color....  

Volume  Swell  Results   Material  Oiled  With  

  %  by  Weight  of   -  -.-    —  

Swell:  24  hr   %;  8  day...   %.  Condition  of  Specimen:..  


Remarks: 


Natural  Moisture  Content  -  Q.Zfo 
Natural  Density  =  12^* /ft.^ 


Unconfined  Compression  Test 

Qu  =  lOO^V^-t.^ 
Shear  strength  =  50  Lbs/ft.^ 


Form  No.  123-Rev.  54 


Dist.  Lab  No. 


STATE  HIGHWAY  COMMISSION 
OF  MONTANA 

 "  ■  Helena,  Montana  , ,  , 

165.7' -I66.6' 

Lab  No  138^5?  Sample  No.._Hple_A-^.,__  Depth  'project  No  IPR-U  lL..  

Termini  LaMslide__Resear^^^   

Date  sampled...-lQZl8/66   Date  received  l9lilL^A.....  ...Kind  of  Deposit..Possible_  siip...Z 

Submitted  by  Kraft  Title  Geologist,  II  Address  Helena,...   

Quantity    .   -  Pit  by  stationing  683 '  ...SW.  Hole  A -.3..._..   

Pit  is  in        ....  

Represented  by  Lab  No.-_  -..   County  

Owner  of  Pit        Address  ,  

Mile  or  stationing  represented  by  prepared  sample  

Examined  for  M<:)ist]iAre_.Content    


\Vt.  of  sample  taken  _  Lbs  100% 

Wt.  retained  4-Mesh._  _  Lbs   % 

Wt.  passing  4-Mesh  Lbs  % 

Before  wash  _  _  After  wash  ...  LBW  _  

Fines  %  Total  sample  —  % 


Ind.  Wt.  Ret. 


Size 

4 

3 

2 
1% 

ly* 
1 


GRAVEL 

Tot.  Wt.  Pass. 


Pet. 


4M 


Acceptable  for  use  with  oil  _  

AASHO  Swell  and  Strip  Test: 

Nat  %  Strip  F   C. 

Mfg  %  strip  F   C. 


Asp.. 
Asp... 


-% 


Ind.  Wt.  Ret. 


Size 

%- 
4M 
lOM 
20M 
30M 
40M 
50M 
60M 
80M 
lOOM 
200M 
270M 
— 270M 


SAND 

Tot.  Wt.  Pass. 


Pet. 


Wear  _....%  Wt   _   SG   _  

LL  _        PL  _   PI  _. 

Permeability  _   Capillary  rise..  

Maximum  density   Optimum  moisture...  

Soil  Classification     

Coarse  Portion  is  _  _  —  %  crushed 

Dust  Ratio   -4  +  10   -4+40  _    

Absorption    _   Color  

Volume  Swell  Results    Material  Oiled  With  

 %  by  Weight  of   -. 

Swell:  24  hr  %;  8  day  %.  Condition  of  Specimen:  


Remarks: 


Natural  Moisture  Content  =  19.9^ 


Form  No  123-Rev.  54 


Dist.  Lab  No.. 


STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
Hcl  cna,  Montana 

Lab  No  338.^.0....   Sample  NollQl_e_A-^.,..Depth,^_^.^;..*5^_'.Pro^^^^^   HPR,-..1_(5)  

Termini   La.ndslMe..Besear_ch  _  Pro       

Date  sampled  IOJaQJM.  Date  received  IQlZllM.....  ...Kind  of  Deposit...Possible  S^^^^^ 

Submitted  by  XraXt.  Title  G.aologi.st.JX  Address...  .Helena...   

Quantity    Pit  by  stationing  685^__S¥..Hole  ..A-3_  

Pit  is  in          

Represented  by  Lab  No      County  .  

Owner  of  Pit      Address    

Mile  or  stationing  represented  by  prepared  sample    

Examined  for  Mo.i.sture,...U.nconfi^^^      


Wt.  of  sample  taken  _  Lbs  100% 

Wt.  retained  4-Mesh._  -  Lbs.   % 

Wt.  passing  4-Mesh  Lbs  % 

Before  wash  _  _  After  wash  LBW   

Fines  %  Total  sample  —  % 


Ind.  Wt.  Ret. 


% 


Size 

4" 

3' 
2%' 
2' 

1" 

%" 

%- 
4M 


GRAVEL 

Tot.  Wt.  Pass. 


Pet. 


Acceptable  for  use  with  oil  _  

AASHO  Swell  and  Strip  Test: 

Nat  <~o  Strip  F   C. 

Mfg  %  strip  F  -   C. 


Asp. 
Asp. 


-% 
-% 


SAND 


Ind.  Wt.  Ret. 


Size 

%' 
4M 
lOM 
20M 
30M 
40M 
50M 
60M 
80M 
lOOM 
200M 
270M 
— 270M 


Tot.  Wt-  Pass. 


Pet. 


Wear  _....%  Wt.     SG  1   

LL    PL  _   PI  X  _. 

Permeability  _   Capillary  rise...  i.    

Maximum  density   Optimum  moisture  

Soil  Classification  ...   A:.^(-8)  

Coarse  Portion  is  _  _  -%  crushed 

Dust  Ratio   —4+10   —4+40  _  

Absorption    _          Color  _  

Volume  Swell  Results.....   Material  Oiled  With  

 %  by  Weight  of  _  -  

Swell:  24  hr  %;  8  day  %.  Condition  of  Specimen:  _ 


Remarks: 


Natural  Moisture  Content  =  20.' 


Unconfined  Compression  Test 
Qu  =  9230  */ft.^ 

Shear  Strength  =  l/2  Qu  =  46l5  lbs/ft.' 
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STATE  HIGHWAY  COMMISSION 

OF  MONTANA 

Dist.  Lab  No    ,       ^„  ^ 

Helena,  Montana      ^56.  -l67.6' 

Lab  No  -:^38^-6i  Sample  No.HDle__A.-r.^..D.ep.tJa  Project  No  iIPE-lX5l-  

Termini  Landslide. .Re5_ear_ch..PT_oJe.c.t_--._Li.vin^_tQn^      

Date  sampled  1.0_/-1.8/.6.6__  ....Date  received  1()JZ2JA6...   Kind  of  Deposit...  Pp.ssible.Slip„Zpne 

Submitted  by.-...Kmft  .  Title  G.eologis.t.JII  Address  H.e.lena  

Quantity      Pit  by  stationing  .6.85 SW..iI.ole„  A -.3    

Pit  is  in   ...„„...„„„„.„.„„„„..„  .„,.„.„. 

Represented  by  Lab  No      County    

Owner  of  Pit  .      Address     

Mile  or  stationing  represented  by  prepared  sample  

Examined  for  A.tterbe.rg,.Lim.ts.,...U.ncp_nf^^^     


Wt.  of  sample  taken  _  Lbs  100% 

Wt.  retained  4-Mesh._  _  Lbs  __% 

Wt.  passing  4-Mesh  Lbs  % 

Before  wash  _  _  After  wash   LBW  _  

Fines  %  Total  sample  — % 


Ind.  Wt.  Ret. 


Size 

4" 
3%' 

3- 
2%' 

2" 
1%" 

ly*" 
r 

%" 

Vz" 
%- 
4M 


GRAVEL 

Tot.  Wt.  Pass. 


Pet. 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  Strip  F   C. 

Mfg  %  strip  F   C. 


Asp. 
Asp. 


,.-% 


Ind.  Wt.  Ret, 


Size 

%' 
4M 
lOM 
20M 
30M 
40M 
50M 
60M 
80M 
lOOM 
200M 
270M 
—2  TOM 


SAND 

Tot.  Wt-  Pass. 


Pet. 


Wear..  _....%  Wt  _   SG. 

LL  ....3-3:rOO  _       PL  2^,01   PI.. 


..8,..9.Z. 


Permeability  _   Capillary  rise  

Maximum  density   Optimum  moisture  

Soil  Classification  ..   Ar^4C.8}  

Coarse  Portion  is  _  _  %  crushed 

Dust  Ratio    —4+10   —4  +  40  _   ... 

Absorption...    _   Color  

Volume  Swell  Results   Material  Oiled  With   <■ 

 %  by  Weight  of  _  -  -  -     

Swell:  24  hr  -..%;  8  day.  .....%.  Condition  of  Specimen:...  


Remarks: 


Unconfined  Compression  Test 
Average  Qu  (2  Tests)  =  96OO  ^/ft.^ 
Shear  strength  =  |^  =  ^800  lbs/ft/ 


rORW  NO.  123— R£V.  54 


Dist.  Lab  No. 


STATE  HIGHWAY  CO^.Cr^ISSION 
CF  MONTANA 


No  .3.2^5.81  Sample  No....S}^riace_sampl^^ 

Termini  Landslide  _  Res  e_a^  Landslide 


i-^a  0 


...wNo,      HPR  -1(5) 


^ate  samDieO. 


 Date 


receiv; 


c  01  ^eposic. 


Landslide 


Submitted  by  Clark.  Title  Geolggist..iIi  Address..  .Helena. 

Quantity  Pit  by  stationing  ^.l■.•i-l..X'.y--^..Temi3._Li^^^^^ 

t  is  m  -    _  


•Represented  by  Lab  No.  .,  County... 

Owner  of  Pit  Address. 

Mile  or  stationing  represented  by  prepared  sample  

Examined  for  Grading,..  A.oterber   _  ^ 


Wt.  of  sample  taken  _  Lbs  100% 

Wt.  retained  4-Mesh._  -  Lbs  _% 


(  Wt.  passing  4-Mesh  Lbs.. 


% 


Before  wash- 
Fines  ..... 


After  wash  LBW  _  

 %  Total  sanaple  _.% 


Ind.  Wt.  Ret. 


Size 
4' 

syr 

3' 
2" 

%' 

4M 


GRAVEL 

Tot.  Wt.  Pass. 


.....91... 

 .9.?..., 

8? 

82 

68 


Acceptable  for  use  with  oil  

AASHO  Swell  and  Strip  Test: 

Nat  .%  strip  F   C.. 

iMfg.   %  Strip  F   C. 


Asp.. 
Asp.. 


.% 


Ir.d.  V/t.  lici. 


..T.r.ace. 


%" 

4M 
lOM 
20M 
30M 
40M 
50M 
60I\i 
SOM 
lOOM 
200M 
270M 
■  — 270M 


Tot,  Wt.  Pass. 


Pet. 


...33..... 

^1 


 IL_. 

 31 

 2i__ 

26 


2i_ 


.  19...„6 


NP 


Wear  _....%  wt  _   SG... 

LL  _        PL  _   PI... 

Permeability  _   Capillary  rise  

Maximum  density   Optimum  moisture  

Soil  Classification   

Coarse  Portion  is  _  _  %  crushed 

Dust  Ratio   —4  +  10   —4  +  40  _   

Absorption    _   Color  

Volume  Swell  Results   Material  Oi'ed  With  

 %  by  Weight  of  _  

Swell:  24  hr  %;  8  day  %.  Condition  of  Specimen:  


Remarks: 


Form  No.  123-Rev.  54 


Dist.  Lab  No. 


STATE  HIGHWAY  COMMISSION 
OF  MONTANA 
Helena,  Montana 


Lab  No   ....Sample  No.____.Hole  _A-2  Project  No..lIER.-rlC5)--\  

Termini  L.a.ndslide.Rese^^ 

Date  sampled  8/.23.-26/_.66   Date  received  3JlJA^...    .Kind  of  Deposit_-.-.L.a.nd.siide. 

Submitted  by  .Clark  Title.__-...Geologist  .III  Address  Helena.  

Quantity.-...    ..Pit  by  stationing -.3-^.^._Lt...-T.emp..v.  Line  .Sta   

Pit  is  in...         

Represented  by  Lab  No     County     

Owner  of  Pit  .    Address  

Mile  or  stationing  represented  by  prepared  sample  

Examined  for  MQi_s.tuxe^..Hy.dr_omet.er,_.J\._t.te   


Wt.  of  sample  taken  _  Lbs.  100% 

Wt.  retained  4-Mesh  _  -  Lbs  

Wt.  passing  4-Mesh  Lbs  % 

Before  wash  _  _  After  wash   LBW  -  

Fines  %  Total  sample  —  -.% 


Ind.  Wt.  Ret. 


% 


Size 

4" 

3" 
2%- 
2- 

1' 

%" 

%- 

4M 


GRAVEL 

Tot.  Wt.  Pass. 


Pet. 


Acceptable  for  use  with  oil  _  

AASHO  Swell  and  Strip  Test: 

Nat  strip  F   C. 

Mfg  %  strip  F   C. 

Remarks: 


Asp. 
Asp. 


.% 


SAND  Hydrometer 

Ind.  Wt.  Ret. 

size            Tot.  Wt.  Pass. 

Pet. 

Depth  6.5'  ■ 

-  7,5' 

   ...  4M     

lOM   

100 

20M 

99 

anM 

40M 

_.__9.8  

ROM 

TOWMX       1 40M 

6 

20nM 

9.70M  ..OObmm 

-iS^HSfx.  .0Q3mm 

 4  

NP 


Wear  _....%  Wt  _   SG  - 

LL  .NP  _        PL  NP._   PI... 

Permeability    Capillary  rise....    

Maximum  density   Optimum  moisture  

Soil  Classification  . 

Coarse  Portion  is  _  _  -  %  crushed 

Dust  Ratio   —4+10   —4  +  40  _    

Absorption    _   Color  

Volume  Swell  Results   Material  Oiled  With  

 %  by  Weight  of   

Swell:  24  hr  %;  8  day  %.  Condition  of  Specimen:  


Depth  Natural  Moisture 
1.0'  11.3fo 
6.5'-7.0'  13.7/0 
7.0»-7.5»  21.7/0 

Unconfined  Compression  Test  @  6.5' 


Shear  strength  =  l/Z  Qu  =  589"^/ ft. ^ 


LAB.  FORM  NO.  48  «^^^  : 

REV'D  5-56 

STATE  COMMISSION  OF  MONTANA 

Helena,  Montana 


FORM  TO  ACCOMPANY  MISCELLANEOUS  SAMPLES  SENT  FROM  FIELD 

Helena  Lab.  No    33.B.n  Project  No  H...P...R..... -...LCi)  

Designation  of  Project....Landslide__Researc^   

Date  Sample  Rec'd  Field  No  ^  

Name  of  Material  Limestone.,..  Gray.,...Cr;^t^^^   _  

Grade  or  Type  Trade  Name  

Manufacturer  of  Material  —  

Jobber  or  Dealer  Directly  Supplying  Material  

Quantity  of  Material  Sample  Represents  

If  this  is  a  check  or  resample,  please  indicate  

Name  of  Sampler  C.H,... Clark  Title   Geologist   

Address   Eelena  Date  of  Sampling  

Use  this  FORM  ONLY  when  other  Forms  are  not  already  provided. 
•Oemarks  Linie§.toDe..5.afflP.le..fXQm„I).]^^^^ 

L  lYir*&5.t.Q.n..LaMslide.,.  ^  

CheirAcal  Analysis 


Standa»rd 

338^53 

6.66fo 

kS.79fo  • 

0.015  fo 

0.86/0 

l.Q7io 

Insoluble 
Ca  0 
Mg  0 


\ 

*  Standard  from  Test  Hole  A-3,  197.5'  &  215.0'  (average  of  2)  .  \ 


LAB.  FORia  NO.  43  "dl^  ' 

REV'D  5-56 

STATE  HIGHWAY  COMMISSIOM  OF  MONTANA 

Helena,  Montana  x 


FORM  TO  ACCOMPANY  MISCELLANEOUS  SAMPLES  SENT  FROM  FIELD 

\ 

Helena  Lab.  No..—   m^5h.  Project  No  S^P; R,...-l..i^.)  \ 

Designation  of  Project  Landslide.  Resear^^   ^ 

Date  Sample  Rec'd  Field  No.........  _  

Name  of  Material....Limestone.,...Brownj..  Fine„   _  

Grade  or  Type  Trade  Name  -  

Manufacturer  of  Material  

Jobber  or  Dealer  Directly  Supplying  Material  

Quantity  of  Material  Sample  Represents  

If  this  is  a  check  or  resample,  please  indicate  _  

Name  of  Sampler  .C.V...H,...  Clark  Title   Geologist.  Ill  


Address   Date  of  Sampling  

Use  this  FORM  ONLY  when  other  Forms  are  not  already  provided. 
Remarks  .L.4-.?^.6.?.t.9.?l6...?.&.^£.l.?.-..CL9.j^^ 


Chemical  Analysis 

Standard    .  338^53 

Insoluble                                          30.54^  29.21^ 

Fe^O^                                                   3.95fo     '  '  ,  3.22fo 


Ca   0  19.87fo         '  25.4^fo 

AI2O3  O.53fo  9.96^ 

Mg   0  9.O8/0  9.52/0 


*  Standard  from  Test  Hole  A-3,  197.5'  &  215. 0'  (average  of  2). 


LAB.  FORU  NO.  4S 
REV'D  5-56 


STATE  HIGHWAY  C0MMISS20H  OF  MONTANA 

Helena,  Montana 


FORM  TO  ACCOMPANY  MISCELLANEOUS  SAMPLES  SENT  FROM  FIELD 

Helena  Lab.  No./.  .....3.3.^5^  Project  No  H,.P, R.,...-..l(i).  ^ 

Designation  of  Project  Landslide..Resear^^^^   ,  

Date  Sample  Rec'd  Field  No  _  

Name  of  Material  Limestone,...Graj^.. Crxpto^^^^   ^  

Grade  or  Type  Trade  Name  -  

Manufacturer  of  Material  —  

Jobber  or  Dealer  Directly  Supplying  Material  

Quantity  of  Material  Sample  Represents  

If  this  is  a  check  or  resample,  please  indicate  

Name  of  Sampler  C...H......C.la  rk  Title   9.^.9.l9Mk?lJll  

Address   Date  of  Sampling  

Use  this  FORM  ONLY  when  other  Forms  are  not  already  provided. 
Remarks  LiJJie5.tQnfi...saffiple..f  mm  .Drill.Hole..N 


Chemical  Analysis 

^Standard  338^55 

Insoluble                          .■           6.66fo  6.39fo 

Ca  0                                             48.79fo  '  50.08fo 

Al^O^                                                 0.015/0  1.2^ 

Mg.  0                                                   l-87fo  1. 


0 


*  Standard  from  Test  Hole  A-3,   197.5'  &  215-0'     (average  of  2). 


LAB.  FORU  NO.  4S 
REV'D  5-56 


STATE  HIGHWAY  C0MM2SS10M  OF  MONTANA 

Helena,  Montana 

FORM  TO  ACCOMPANY  MISCELLANEOUS  SAMPLES  SENT  FROM  FIELD 

Helena  Lab.  No  3.38^56  Project  No  ..L(  5)  , 

Designation  of  Project  Lan^^slide  Research   

Date  Sample  Rec'd  Field  No  _  , 

Name  of  Material....LiHl?s.t:?.]}.?.A...^??°YJ?.>...?^^^^^   _  , 

Grade  or  Type  Trade  Name  

Manufacturer  of  Material  —  , 

Jobber  or  Dealer  Directly  Supplying  Material  

Quantity  of  Material  Sample  Represents  „  

If  this  is  a  check  or  resample,  please  indicate  , 

Name  of  Sampler  C ,„  H.....Clark  Title   .Geolo£ist..III  _  

Address   Date  of  Sampling  

Use  this  FORM  ONLY  when  other  Forms  are  not  already  provided. 

Remarks    Limestone  sam^Dle  from_Drill  Hole  No.  A-2j  DejDth  76  feet,  Livingston 
Landslide. 


Chemical  Analysis 

'■'Standard  338^56 

Insoluble                                                                      "  ^^AOfo 

Fe^O^                                                 3.95fo         ■„  3.33/0 


Ca   0  19.87%  '      .  .  22.26% 


AI2O3  0.53/  9.-^/.  ^ 

Mg  0  9.08/  9.45/ 


\ 


■  ■■  \ 

\ 

*  Standard  from  Test  Hole  A-3,   197.5'  &  215.0'  (average  of  2) .  '  \^ 


\ 


.  Form  30 
lC3d  11-22-55 

Toraini  lAvinp.ston 


491 


l^OmrjA  HIGHIJAI  CO:-£-IISSIOK 
HGlonQj  Montana 

 Project  L^a.F°-217(ll) 


Hole  Noo  1 


Da  to  Takon    Fe-bx'_itr>r3:r_-  5  n  8  ^  _;-..9  6.5. 


Location  171^  Jht^  Sta^  1576-^15 
Party  Chiof      Swans  on  


  St  rac turo  Land s  1  IdfL 

Othoro 


Horacokn  Stevens 


V  t%|  45,0  ft 


0 


0  % 


Tan  liraostone  frasments  & 
clay. 


^^;^fr''Tan  silty  decomposed 
-~'-H^lir__  limestone  0  9/ 


Standard  2 


^^C^  ^-h<?r^t?e  /a//o/ A<rjyr/!7<^r  30^ 
^      1^7^^       ^-Qcan^ ^1:2f<sr.  none 


\ 

Total  7"  Guc-ers  -  45 0  5  ft, 


Penetjration  Test  -  140^  Hammer 


15.0 


>0.0 


11/  8 


Tan  iimcatono  fragments  13/|24/15 
v;ith  thin  clay  lensos. 


6/ 
27/ 


Tan  liraestono  fragments .^^^ 


3/ 


8/: 

1/48 
9/39 


43/50/  R 


8/15 


Soft  tan  iimostono 
,  fz'agments* 

Tan  limQstonc  fragmontSs 


34/50/  R 
25/  R 


'-Viet  tan  iimoston©  fragments 


fc^TSd"^ Greenish  tan  clay  with  soma 


liraestono 


4580 


( ■  i 


Grey  grcon  shale » 
Limostona  frarrraents* 


*~  Bottomed  holo  in  fractured 
limestone. 


Two  bo'^QS  coro. 


1.5 

1  a  5 

1.5 
1.5 
1.5 
1.0 
1.5 
0.5 
0.0 


ElGV 


@ 

■  5.0 

to 

5,5' 

(a 

10.0 

to 

11,5 

(a 

15.0 

to 

15,5 

(a 

20.0 

to 

21,5 

@ 

25,0 

to 

25.5 

(a 

30.0 

to 

31.0 

@ 

35.0 

to 

36,5 

G 

40.0 

to 

40.6 

@ 

45.0' 

It  ion 


set  by  Livingston  Survey  crew. 


0.  Fom  ^0 
-jsod  11-22-55 

'^ore  Log  No<. 


KGlQ'Aa„  Montana 


Page  1  of  2  pages. 


ProjGct  •L'o.      2 17(1.1)        Hole  No._ 


Termini  Livincrston 


Date  Talccn  Februc.r'y  8.  9.  16.  17,  18.  19  65 


location  176'  Lt.  Sta.  157^^-^-71 


StructurG  Landslide 


1 


Party  Chiof 


Sv;<nnson 


Othors 


KoracQk^  Stevnns 


^  ! 


Dcsc  r/^  t/o/i  of     ^er/<3^ s 


I      Taps  Co/<s>r  <^ Cc/^^sie/rcf\  i 


\ 


.0<?ptV?  o/ //o/e     100.  Q  ft, 


S/dy",      0'<pun<d  t/^^er.  none 


Brovyn  sandy  silt  6 
limestono  frasmsnts. 


Haj^d  groon  clayoy  shalo,  4/ 


37d7 


Hard    grey  clayey 
shalo* 


^/  5 
9/p4/i8 
il/p.9/23 
13/2 


15/ 


:5/33 
3i^/50 
ll/27/i*2 
50/  R 
25/  R 


A 


^-w-^sr--  Hard  gs^oy  liraestono, 
fractured. 


"  Lost  drill  wator 
—  Hard  c2*oy  liaostonpj 
^acturod  <r 


Total  7"  Au.r^ors  -  38.5  ft, 

'^Qtj^A      _Q,%sA"!=^.  -  3  8 .  6  '  ft  a 
Standard  2"|  Pene-i-ration  Test  -  l^Oi^  Hairnnor 


1.5 
1,5 
1,5 
1,5 
1,3 
1,5 
0,2 
0.0 


9 
@ 
@ 
@ 
@ 


5,0  to  6.5' 
10,0  to  11.5 
15,0  to  16.5 
20,0  to  21.5 
25,0  to  26,3 
30,0  to  31,5 
35,0  to  35;. 2 
38.5' 


Rotary  Corej  priliinp,  "  Started  Core  at  39.0  ^t. 


Dravj 
Draw 
Draw 
Dravj 

Draw 
Drav/ 
Draw 


(a 


i*5.0 
H9.01 
59.0 
69.0 
80,0 
90.01 
LLOO.O 


Elovation  sot  by 
EngirliQorinfi  crow 


Livingston 


Coro  Re c ovary 
Cora  Recovery 
Core  Recovery 
Core  Recovery 
Core  Rocovory 
Core  Recovery 
Core  Recovery 


30% 
20% 
70% 
28% 
78% 
55% 
85% 


Used  rigid  barrel  with  fin© 
diarsond  impiposnatod  bit. 


Lab.  Form  30 
-jevlsod  11-22-55 

'^oro  Log  i^o»  ^92 


M^TAKA  KIC-Hmi  GOI-ir^ISSION 

»  rage  2  Oi  2  pages. 

2 


Project  ^'o .__F°2 17  ( XI )         Hole  Mo.___  

 ^  D-tG  TakonFobruc.r'y  8.  9.  16,  17,  18.  19  6  5 


Location  176'  Lto  Sta,  157^-^71 
Party  Chiof  


 Structiiro_ 

Others 


aoo.of 


Hard  grey  fractured 
limQstone. 


I 

1  ^ 

■<r  BottoiaQd  hole  in  hard  grey 
fractured  limestone. 


Five  boxes  core. 


Form  30, 
^sed  11-22-56  -        -  • 

':ore  Log  No.  ^93 
Termini  Livin.qston 


ViOWlkm  HIGH\'/AY  COlvC-IISSION 
Helena,  Montana 

Pi-ojQct  No.  r-217(ll) 


Hole  No. 


3 


Location  170'  Lt>  Sta.  1573->-QQ 


  Dato  Taken      February  9„  10.  11.  15 „  1965 

Structure  Lc:..idslida   


Party  Chief  Swanson 


Others 


Korac 


Stevens 


7 


Oesc  r/^  t/o/t       A/a  /er/a/ s 


/^^//o/A/o/e  8Q.Q  ft. 


o///^m/??er    l4or  &  3QQ# 


S/<^y.  ^  ^troe^nd ^a^^'^'  23.0   f  t .  Mnt 


Brown    sandy  silt  & 
liroestone  fragments* 


Stand 


;rd  2" 


Total  7"  Augers  -  53.0  ft. 
Total  BX  Casin.cr  -  60.0  ft. 
Penel|ration  Test  -  140;^^  Hammer 


15/ 
8/ 
8/ 

12/ 


'25/11 

is/is 

.5/15 
25/32 
12/j21/25 
19/88/50 
13/^5/27 

13/18/17 
9/11^/50 
ll/.^^/lj^ 


31/ 


32/14 


i+7»0 


15/(27/37 


22/ 


50/ 

30/ 


1.5 

1.5 

1.5 

1.5 

1.5 

1.4 

1.5 

1.5 
1.4 

0.5 
1.5 
1.5 
1 1 0 
0.4 


@ 

[a 


Q 
(a 


5.0  to  5.5' 
10.0  to  11.5 

15.0  to  15.5     ■    /  - 

20.0  to  21.5 

25.0  to  26.5 

30.0  to  31.4  . 

35.0  to  35.5  : 

40.0  to  41.5      ■  ■ 
45.0  to  46.4 
ig.g.to  51.5 

55.0  to  56.5 
60,0  to  51.5 

65.0  to  66.0  -  No  Recovery 
70.0  to  70.4 


BXCksin.q 


Drive 


23 
45 


Slightly  damp  brown  sandy  j 
silt  &  limestone  fragments^     Rotjiry  Co|re  Drijlling  Data  -  Started  Core  at  70.4 


38,2 


Hard  green  sandy  shale 


Bottomed  hole  in  hard  green  s^ndy  s 


Draw 


1.0 
1.0 


Count  -  300A^  Hammer 


57.0  to  58.0' 
59.0  to  50,0 


ft 


NOTE 


lale  & 


80.0' 


Core  Recovery 


3% 


NOTE1     Ground  water  at  23.0', 
drill  water. 

Drilled  with  Blue  Demon  bit  from 
51.5'  to  70,0'  . 

Cored  with  rigid  core  barrel  and 
fijne  diamond  impregnated  bit. 


Two  boxes  core. 


limesjtone. 


Form  30 
Revised  11-22-55 

^or©  Log  No._Ji94_ 
Termini  Livingston 


>mTrANA  HIGm^/AY  C01-24ISSION 

Helena,  Montana  Page  1  of  2  pages. 


Project  No.  r-217(ll) 


Hole  No. 


Location  300'  Lt,  Sta.  1576t38 
Party  Chief  Swanson  


  Date  Taken  February  18^  19 «  23 «  25.  1965 

StructurG  Landslide  


Others 


Horacekfl  Stevens 


C< 


101.3  ft. 


A 


///.  c/z/jmrner        &  3Q0# 


S/d'/.  <^  0^<Pi4rj^ ^a^er.  50.1  ft.  diiill 


Stiff  to  hard  brown  sandy 
silt  with  limestone 
fragments • 


Total  BX  Casing  -  58. ^  ft. 
2"  Pey^etratjion  T<i3St  -  l^Oj^  Hammer 


wa 


18/15/14 
5/  4/  5 
19/20/23 
18/150/  R 
4/  5 
15 
14 
9/  7 


/lO/. 
/39/. 


-11/ 

,  9 

27 

.9/ 

22/118/17 
10/ 
8/ 


17/16 
16/24 
14/32/44 
11/21/^1 
21/33/50 
26/50/  R 
44/j50/  R 
50/  R 
37/50/  R 
5/I34/5O 
50 


2 

19 


/27/I 


1.5 
1.5 
1.5 
0.8 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.3 
1.0 
0,6 
1,0 
1.0 
1.4 
1,3 


@ 
@ 

Q 
@ 
@ 
@ 
@ 
Q 
@ 
9 
@ 
@ 
@ 
@ 
@ 
@ 
Q 
@ 


5.0  to  5'.5' 

10,0  to  11.5 

15.0  to  15,5 

20.0  to  20.8 

25.0  to  26.5 

30.0  to  31.5 

35.0  to  36.5 

40.0  to.  41,5 

45,0  to  46,5 

50,0  to  51,5 

55,0  to  56. a 

60.0  to  61.5  -  No  Recovery 

65.0  to  66.5 

70.0  to  71.3 

75.0  to  76,0 

80,0  to  80,6 

85,0  to  86,0 

90,0  to  91,0 

95,0  to  96.4 

100.0  to  101.3 


NOTEj     Drilled  with  Blue  Demon 
bit  from  55.5'  to  100. C 


BX  Ceasing  Djrive  Ciount  -  300;^/  Hammer 


55,1 
56.2 


^^c£ayf ^i^m^^^*'^  Bant 


onitic 


Hard  grey-green  sandy 
shale.' 


25 
23 
29 
22 
15 
21 
12 
18 
13 
14 
27 
28 
23 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


@ 
@ 
@ 

Q 

@ 
@ 
@ 
@ 
@ 

@ 


17,0 
19,0 
22,0 
24,0 
27,0 
29.0 
32.0 
34.0 
37.0 
39.0 
42.0 
44.0 
47.0 


to  18.0' 
to  20.0 
to  23,0 
to  25.0 
to  28.0 
to  30.0 
to  33.0 
to  35.0 
to  38.0 
to  40,,  0 
to  43.0 
to  45.0 
to  48.0 


ter 


LSD.  Form  30 
Revised  11-22-55 

'Jor©  Log  No,^ 
To rain i  


)©mNA  HIGHl-JAY  COI-MISSION 

Kolena,  Kontana  Page  2  of  2  pages ,  \ 

Hole  No.  4 


Project  No.  F- 2 17 (11) 
DatG  Taken 


J 


Location 


Stmcturo 


Party  Chiof, 


OthorQ 


I       t — 


101, 3i 


Hard  grey-green  sandy 
shale. 


1^ 


BX  Capin?^  D|rive  (^ount  -  300}'/  Hammer  (cent.) 


^6 
26 
27 


Bottomed  hole  in  hard  groy- 
green  sandy  shale* 


Possibility  of  limestone 
contact  at  101.3  ft. 


Elevation  set  by 


1,0 
1.0 
1.0 


1+9.0  to  50.0' 
52.0  to  53.0 
5i+.0  to  55.0 


Livingston  Survey  Crew 


.  Form  30 
Revised  11-22-55 


495 


'^ore  Log  No.  

Termini  Livingston 


MONTANA  HIGIWAY  COMISSION 
Helena,  Montana 

_      Project  Eo,  F-217(ll) 


Page  i  of  2  pages. 


Hole  No. 


Location  308'  Lt.  Sta.  1575-^25 
Party  Chief  Swanson  


  Date  Taken  February  26^  March  1,  2^  4p  5,  8»  1965 

Structure    S  Landslide 


Others 


Horacekf,  Stevens 


20.0  /fer^ 


29.0 


Desc  r/^  t/o/t  of  A7a  ^er/a^ 3 


Brown  sandy  silt  and 
limestone  fragments. 


-Slightly  damp. 


2/ 
6/ 
5/' 


Total  BX  Casing  -  55. '4  ft. 


2"  Svandarol  Penetration  Test  -  140//  Hammer- 


4/  5 
9/  7 
8/  8 
9/jl2/18 
14/19/17 
10/15 
7/11/13 
10/10/19 
30/39 
33/42/50 
28/23/50 
22/50/  R 
21/'35/50 


Yellowish- tan  silty 
and  limestone  frag- 
ments , 


33/} 
20 


34/50 
'34/50 
40/45.50 
25/50/  R 
30/50/  R 
25/  R 
25/  R 


Hard  grey-green  sandy 
shale , 


1,5 
1.5 
1.5 
1.5 
1,5 
1.5 
1.5 
1,5 
1.5 
1,4 
1,3 
1.0 
1.4 
1.4 
1.4 
1.3 
0.9 
1.0 
0.0 
0.0 


Elevation 


(a 

(3 
@ 

(a 
@ 
@ 
@ 
@ 
@ 
(a 
@ 
% 
@ 
(a 
@ 
@ 


iset  by 


^^^//>g//r^/g       100.0  ft 


^her^ee  /a//o/ //a/?7/fr^r  30" 


^/  0rooirj£/ r/<^/er.  23.8'   dr il  L 


water 


5.0 

10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75,0 
80.0 
85.0 
90.0 
95.0 
100.0 


to  6,5* 
to  11.5 
to  16.5 
to  21.5 
to  26.5 
to  31.5 
to  35.5 
to  41.5 
to  46.5 
to  51.4 
to  55.3 
to  61.0 
to  65.4 
to  71.4 
to  76.4 
to  81.3 
to  85.9 
to  91.0 


\ 


NOTE;     Drilled  to  55.0  ft.  with 
7"  augers 

Drilled  with  Blue  Demon 
bit  from  56.3'  to  100.0 


Livingston  Engineering  crew, 
Wate|r  elevjation  is  trapped  drill  water. 


] 


firt-— .  Form  30 
Revised  11-22-55 
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I J  ^ore  Log  No. 
Termini  

J  Location    30  8'  Lt,  Sta.  157  5^25 


MONTANA  KIGIWAY  COMISSION 

KolQna,  Montana  Page  2  of  2  pages. 

Hole  No. 


Project  No.  F-217(ll) 
Date  Taken 


Party  Chief 

r — 


  Structure^ 

Others 


/cat/on 


8P.01 


^3 


83.1 


Do^cr/j:?  t/o/i  of  A7a^er/a{€ 


Hard  red  clayey  shale. 


94,7:^ 


Hard  grey-green    sandy  shale 


-<ryQry  hard. 


100.  c 


Bottomed  hole  in  very  hard 
grey-green  sandy  shale, 


Three  boxes  core. 


100. Q  ft. 


-Id.  Foto  30  ■  '  ■ 

Jy^sed  11-22-55 

q     ^ore  Log  No>       ^^9  6 
I     Termini  Livingston 


MONTANA  KIGhWI  COMISSION 

Helena,  Kontana  p^^^  ^       ^  pages. 

  Project  No.  F- 2 17 (11)  Eole  No,  6 

  Dat©  Taken  March  8  „  9,  10 ,1965 


Locat i on  30U'  Lt.  St«  1573-;-99 
Party  Chief  Swanson  


  StructurQ_ 

Others 


Landslide 


Horacek  ^  Stevens 


\3 


Jrown  sandy  silt  and 
limestone  fragments 


^"^lightly  damp. 

Brown  sandy  silt  and 
limestone  fragments 


?5*?fe^^iinestone  boulder  (0. 


47.7 


13/ 
8/ 
8/ 
7/ 
15/ 
20/ 
15/ 

^^19/ 
25/ 
34/ 
21/ 
24 
18/ 

25/ 
41/ 
8»)  40/ 
36/ 


'Brown  sandy  silt  and 
limestone  fragments. 


2"  S-jandarj  Pene 


Total  BX  Casing  -  50. 4  ft. 
tration  Test  -  mO;^  Hammer 


16/12 
14/17 
8/10 
10/  9 
14/11 
15/14 
14/17 
25/  R 
11/17 
38/37 
31/33 
29/45 
37/47 
50/  R 
50/  R 
50/  R 
50/  R 
50/  R 
50/  R 
25/  R 


Hard  grey-green  sandy  shale 


1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
0.0 
1.5 
1.5 
1.5 
1.5 
1.5 
0,9 
0.4 
0.7 
0.7 
0.9 
0.7 
0.0 


Elevcit  ion 


@ 
Q 
@ 
@ 

@ 

(a 
@ 


(a 


;et  by 


Watei 


^cpi:^ 0/ /i'oife      99,0  ft 


/Vc^/.        0^oe^f7^  t/^^er.     40.4  f  t . 


4.0  to  5.5 

9.0  to  10.5 

14.0  to  15.5 

19.0  to  20.5 

24.0  to  25.5 

29.0  to  30.5 

34.0  to  35.5 
37.1' 

44.0  to  45.5 

49,0  to  50.5 

54.0  to  55.5 

59.0  to  60.5 

64.0  to  65.5 

59.0  to  69.9 

74,0  to  74.4 

79.0  to  79.7 

84.0  to  84.7 

89.0  to  89.9 

94.0  to  94.7 
99,0' 


No  Penetration 


Drilled  with  7"  augers  to  37,1' 

Drilled  with  Blue  Demon  bit 
from  50.5'  to  99.0' 


Livingston  Engineering  crew. 
Elevation  is  trapped  drill  water. 


)rm  3C 


1-rrj.  FO] 
Revised  11-22-55 

1  . 


ore  Lo-'  No. 


Tormini 


MONTANA  HIGm-JAI  COMISSION 
KgIg'^i^j  Montana 

_      Project  l.^o.  F-217(ll) 

  DdtG  Taken 


Page  2  of  2  pages,,. 


Eole  No. 


Locat i on  30^'  Lto  Sta»  lS73-i-99 
Party  Chiof  


  StructurG_ 

Otherc 


Desc  r/^  t/o/t  of  /^a  ^er/ai  ^ 


✓ 


s 

I 


99c0  ft. 


Hard  grey-groen  sandy  shale 


99.0 


-Bottomed  hole  in  hard  grey- 
groon  candy  shale. 


Three  boxes  core. 


ab.  Fom  30 
^fivised  11-22-5^ 


'MONTANA  HIGI-mi  COi'&lISSION 
.  HqIQ^-^s*  Montana 


Page  1  of  2  pages. 


'^ore  Log  No, 


U97 


Termini 


Livingston 


Project  lo.  F-217(ll) 
Dat©  Taken 


Eole  No, 


March  11. 12  .  .15  .16  0  1965 


r^^.^Ann  293'  Lt,  Sta»  1572-^75 
Party  Chief  Swanson  


St  rue  txLTQ  Landslide 


0 1  ho  ro 


Horacek  -  Stevens 


10.0 


Desc  r/p  t/ofi   of  /^a  ^er/<si 3 


Brown  sandy  silt  with 
iimoston©  fragments » 


V: 


Slishtiy  damp. 

Brown  sandy  silt  with 
limestone  fragments. 


Wk 


1^ 


53.0 


Damp 


Brown  sandy  silt  with 
limestone  fragments. 


oft  strata. 

Brown  sandy  silt  with 
limestone  fragments. 


/:)<j,pi/?  ^///^/e_101»  5  ft, 


Total        Cjisin/^  _- _7_5 » 4  f t » 
Total' 7 Au,c^ers      53.0  ft. 
2"  Standard  Penejrat ion  Test  -  1^0//  Hammer 


13/21/19 


13/ 
18/ 
1^<^ 
10/ 


15/19 
17/21 
15/21 
13/18 

12/12/18 
12/^16/18 
12/20/22 
50/  R 
37/46 
50/  R 
i^9/i^9/38 
43/50/  R 
25/  R 
25/]20/19 
46/50/  R 
15/^31/42 


24/ 
35/ 
49/ 


1*5 
1«5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.5 
0.9 
1.5 
1,0 
0.0 
1.5 
0.9 
1,5 


(s 

@ 
@ 

@ 

(a 
(a 

(2 

@ 
@ 
@ 
@ 
@ 
@ 
Q 


5.0  to 
10.0  to 
15.0  to 
20.0  to 
25,0  to 
30.0  to 
35.0  to 
40.0  to 
45.0  to 
50.0  to 
55.0  to 
50.0  to 
65.0  to 
70.0  to 
75.0' 
90.0  to 
95.0  to 
100.0  to  101.5 


6.5' 
11.5 

16.5 
21.5 
26.5 
31.5 
36.5 
41,5 
46.5 
51.0 
56.5 
60.9 
55.5 
71,0 

91.5 
95,9 


No  Penetration 


Drilled  with  7"  augers  from 
0.0'  to  53.0' 


Drilled  with  Blue  Demon  bit  froiji 
85,0'     to  100.0' 

Cored  with  rigid  barrel »  fine 
dicmond  bit  from  7  5.0'  to  85.0 
3%  recovery. 


Elevation 


Engineering^  crew. 


and  location  set  by  Livingston 


.  Form  30 
Tised  11-22-5^ 

^ore  Los  No. 


Termini 


location 


Party  ChiG-f 


497 


LivinRstcn 


immik  HiGm-jAi  co:^-iission 

Kolenaj,  Montana        Page  2  of  2  pages. 

  Project  j}^o.    F- 2 17  (11)  Hole-  No.  

Date  Taken 


Structure 


Othors 


v3 


89 » C 


Brown  sandy  silt  with 
iimestono  fragments. 


101c 


Hard  ^rey-green  sandy 
shale. 


Bottomed  hole  in  hard 
grey-green  sandy  shale . 


Three  boxes  core. 


^sed  11-22-5') 

-3^ore  L03  No 
Termini  


KOKTAKA  HIGH^.'JAY  COMI-HSSION 
Helena,  Montana 


Pase  1  of  2  pages. 


498 


Project  r.-o.  r-217(ll)         HolQ  No.. 


T.ivino-stcn  -  South 


jLocat i on  289'  Lt ,  Sta.  1571->'42 
Party  r.h-ief  Sv/anson   


  Structure 

Othors 


Date              M;.7^r.h  17„  18.  19-          23.  2^^.  25.  195  5 
Land  s  1  id_e  .  .  


Horacsk  &  Stevens 


I 


/?cp^^/?  0/ //^/e        100  oQ  ft. 


S/^'/-  none 


•  m 


Brown  silty  clay  and 
limestone  fragments. 


Total  BX  Casinp,  - 


Total  _AX  Casinp.^-  90_»_7_ft_^ 
2"  Sample  tUg  Penetration  Test  -  1*^0/^  Harnmer 


2^ 
11 


21/17/24' 
12b2/35 
/50/  R 
/36/22 
25/  R 
25/  R 
50/  R 


Cor« 


io5 
lo5 
0*7 
1«5 
0,4 
OoO 
0,3 


5«0  to  6,5' 
10,0  to  11,5 
15,0  to  15,7 
20,0  to  21,5 
25,0  to  25,4 

29,0  No  Penetration 

35,0  to  35,3 


DrillJin,<?  Ddta  -  St ar t ed_ ^Cor e  at__3 6,8  ft 


Hard  grey-brown  limestone 
with  stratas  of  tan 
decomposed  limestone 
and  ,clay» 


Draw 
Drav-J 
Draw 
Draw 
Draw 
Draw 
Draw 
Draw 


(a 


40,0^ 

45,0' 
55,0' 

65,0' 
75,0' 
85.0 
95,0' 
100.0' 


Core  Recovery 
Core  Recovery 
Core  Recovery 
Core  Recovery 
Core  Recovery 
Core  Recovery 
Core  Recovery 
Core  Recovery 


94% 
45% 
83% 
37% 
35% 
15% 
17% 
10% 


Used  rigid  core  barrel  with 
fine  diamond  bit. 


3=n:r- 


— !  - 


in. 


Form  30 
3vi.sed  11-22-55 


KOmkm  HIGm-JAY  comissiON 
HQlQnaj,  Montana 


'^ore  Log  No. 


49  9 


Termini 


Livin,c;ston 


Projc-ct  ;.^o»      F"217(ll)      Eole  No 
Date  Taken 


Page  2  of  2  pages 

a 


Location  289'  Lt,  Sta»  1571v42 


Stractiiro    ,  Landslide 


Party  Chi©f_ 


Other^ 


I-  I- 


i—  t  - 


I- 


iard  grey-bL-'own  limestone 
with  stratas  of  tan 
decomposed  limesTiona 
and  clay. 


F 


Bottomed  hole  in  hard  grey- 
brown  limestone  with  strat 
of  tan  decomposed  limeston 
and  clay* 


Four  boxes  core. 


as 
e 


5^  ^ 


Lab,  Form  No,  29 


Horizontal  Log  Noo  1-65  

Temini   Livingston  •-  South 


MONTANA  HIGHWAY  COMISSION  Page  1  of  4  pages. 
.  Px-oject      F-217(ll)  '    ."   Hole  No,  1 


Location    70 Left  of  Sta.  1572-i-97ol  

Driller  Gunn  Others 


Date  TaksnMay  27  to  June  3j  1955 


Landslide 


Curnmings  &  McComb 


Bearing    N  57'  ^>,2°  W 


578  ft. 


GradQ  of  Hole  5o95%  (s  600' 
Casing  None  


Fractured  tan 
limestone  S  clay, 


:xxx 


m 


|ixxx:-c 


Flovj  -  G.P.M.  None 


Brovm  sandy  silt 
with  sonie 

limestone  fragment^ 


Collar  Elev.-  458^^.. 36  ft. 


1000  I) 


■i-<?-^^'     4,8«  rise  (3  100' 


Brown  sandy  silt 

with  some 

limestone  fx^ag-' 
■  ments.  . ' 


Color  change  to 
reddish  brown  at 
125t  ft. 


Brovrn  sandy  silt. 


JLJL. 


-0— <r-ff-y 


000 


«— 6— (J 


-150' 


Tannish  white  ■ 
^  with  traces  of 
• limestone 
.  at  165  ft. 


-^75'  Gradual  change  to 
•    Park  shale  with 
some  traces  of 
limestone. 
Greenish  Park 
shale. 


6.3'  @  200' 


Lab,  Forni'Ho^  29 
Horizontal  Log  Woo  1-55 


MONTANA  HIGHWAY  GOmSSION 
_  Project  F-217(ll) 


Termini     Livingstor,  -  South 

Location   

Driller 


.Page  2  of  4  pages 
■     Hole  No.  i 


Dato  Taken May  27  to  June  3.  1S65 


bunn 


Structiirc 


Others 


Cuinnings  £  McComb 


Bearing 
Depth 


Grade  of  Hole 
Casino 


Flow  -  G.P.H, 


Collar  Elev. 


Green 

Park  ^'^ 
■  Shale 


Color  change  to 
whitish  grey 


Indication  of  water  at 
398'  -  Flow  for  15  mir 


Horizontal  Log  Noo  1-65 


sJTeimni      Livin.^ston  -  South 


MONTMA  niGWAI  C0M4ISSI0H  Page  3  of  4  pages 
-  -    ^-217(11)     ;  Hole  No.  1 


Location 
Driller 


Gunn 


Bluish 

Green 


Shale 


Structure 


Others 


Green 
■'  Shale 


Date  Taken  May  27  to  June  3.  1955 


Cummings  £  McComb 


Bearing 
Depth 


Grade  of  Hole 
Casing 


Flov:  -  G.P.M. 


Collar  Elev, 


Traces  of  red  in  green 
shale  at  558* 


)  LJ 

Lab.  Form  No*  29  . 

MONTMA  HIGHWAT  GOS-ilSSION       Page      of  4  pages 
Horizontal  Log  No.-       1-55  Project  F-217(ll)  Hole  Noo  ^ 

Tennini        Livingston  -  South 


Location 
Driller 


Structure 


Gunn 


Others 


Date  Taken  May  27  to  June  3^  1965 


Cumminss  S  McComb 


35,7'  rise  at  500  ft*  a 
or  5»S5%  grades 


EES 


3 


-r^c —  578"  Botto:-ned.  hole  in 
-I—  ■  bluish  green 

%  shale* 


Bearing 

it 

\  Depth 


Grade  of  Hole 
Casing 


Flow  -  G.P.M. 


Collar  EleVo' 


■  V  , 


V 


.ab.  Forai  No.  29 


j  -     .  MONTANA  HIGHV\fAY  COMMISSION 

-Horizontal  Log  Noo       2-65   Project  F-217(ll) 

jLermini   G-nrdiner  -  Livin,''';stcn  


Location  GSr.S"  Lta  FoOoS.Tc  Stao  1573-:'-26l.  Structure 

Driller  Gunr>   Others    


Page  i  of  2  pages 

Hole  No„  2 


Date  Taken  June  to  17.  1865 
Landslide 


Cummin!?s  £  HcConib 


REMARKS s 


'■  0  0  0  6 


Fr-ccturad    tcin  iiKcstop.c  K-u-^H 
and  clay  4 


1 


r 


Silt 


Brown 


I  0  0  a 


0  0  d 


"o  U  0  0 


Sandy 


Bearing  89°- 52-1/2^  Vloet 
Depth      320  ftp  


Grade  of  Hole  3%  at  200  ft. 
Casing  283' 


MX 


Flow  -  G.P.M.       1  2^1 0  per 


min  u  for  3  hrs « 


Collar  Elev.  i-^5S^^o23 


SCO 


3 


ft  n  f-  'i 
ci  c  0  A 


0  o  6 


0    0  0 


-s-a-e— ft 

0  0  0  0 


J.  A  0 
■xr-j-c-i) 


0  e  0  b 


0  «  0  j> 


Brown 


Sandy 


Silt, 


] 


1 


i'en!..>::-         ,.^.':-...-;iL:r  -  Livingston 

Location   

Jriller  Gv^  


J  act 


mmipj  co:-2-:issioN  p< 


Mole  xMoo  2 


Dato  Taken  June      to  17^  19 S5 


LcridslidG 


22S11. 


Brownish  yoilow 
fractured  lime c tone  & 
browii  sandy  siit« 


>  u  O  0 


Aon 


ps^obiiblG  dip  in  hols  8 


US 


Coarse 


and  yoliow  scodo 


Bearing 
Depth 


Grade  of  Holo 
Casing   


Collar  Elov. 


320^    Bottosad  holo  in 

hard  sandy  shalGo  t 


Lab.  Form  No,  29 


Horizontal  Log  No,  3-°65 


MONTANA  HIGHVJAY  GOMISSION  Page  1  of  3  pages 
_  Pr'^ject      F-217(ll)   Hole  No.  . 


Termini        Gardiner- Li  vinR:s  ton 


Location  " 
Driller 


/A 


structure 


^  Date  Taken  June  18  -  28 ^  1965 
Landslide 


Other 


Curriininss  £  McCcnib 


REl'IARKS s     Sand  from  70  to  300  ft ^  caused  caving  and 


XXXX 


Ixxx 


Tan  fractured 
iiiTiestone  S  clay. 


jxxx:; 


ja  «  i  j 


Brown 


sandy 


silt, 


Bearing  -^-g^^— 5-^^77^-' ... t 
Depth  .rg^^O 


Grade  of  Hole 
Casing 


Flow  -  G.P.M. 


Collar  Elev.  "'■^'--^s-r^.-^S 


^3' 


Brown 


sandy 


silt 


v;ith 


c— <— a— ( 

0  0  e  < 


! "  i 


increasing 


<><><x> 


.82' 


fragments  of 


■■  limestone. 

\  ■ 

\  ■  ■ 

\  • 
•  ■\ 

Fractured  yellow 
limestone  and 
white  clay. 

\ 

■     ■  \ 


Lab.  Form  No,  29 

Horizontal  Log  No. 
Temini 


Location 
Driller 


5-S5 


MONTANA  HIGHW.^il  COMISSION  Page  2  of  3  pages 
_  Project      F-217(ll  •  Hole  No. 


Structure 


Others 


Date  Taken  June  18  -  28,  1955 


RE!-IARXS ;     Sav--  f'.:^ora  70  to  300  ft,  caused  cavir..'^  £-nc 

 loss  of  drill  cir-cultation  water o  

Sand  sliiff  between  70  &  300  ft.  ^  


KXXX 

Kxxi 
t<xxx| 

gxxx 
j-<,xxx 


V  w  y 


Yellow 
£  vjhite 
clay  and 
limes tone 
fragments  * 


220' 


Coarse 


sand « 


^  235'^ 


frt:  — 


rrn 


invi! 

-K-W-W7 


'I  ' »  T1  (It 


Hard  sandstone, 

295 'i' 
Sandy 

shale 


310' 


.Green 


8»2'  rise. 


sandy 


shale, 


Bearing 
Depth  _ 


Grade  of  Hole 
Casing  _______ 

Flow  -  G.P.M. 


Collar  Elev. 


Ill 


■J  <j  a  ' 


t  11  ■» 


■a  a  p 


c  C  /\ 

J] 


£ljL2_ 


ii  U  U  V 


0  8  a  p 


asp 


5  'J  '.J  p 


'J  y  'J  J 


i)  5  a 


9  5  p 


S  S  il  p. 
-Cr-S-.5-y 
il_fi_2j3 


i  0  1- 

-3  3  3  2 
'J  »  s  p 

— -ri) 

t)  1)  0  !> 


Green 

sandy 


shale 


Lab,  Fonn  No,  29 

Horizontal  Log  No»  r^j.-.^^  

Termini  Gardiner-Livingston 


MONTANA  EIGWa^PJ  COmSSION    Page  3  of  3  pages 


^ro--3ct  F--217(il) 


Location 
Driller 


Struct  "arc 


Others 


Hole  No, 


Date  Taken    J^ne  18  -  28,  1955 


REMARKS : 


Sand  sluffin<^  between  70'  and  300'  making  it 


difficult  to  maintain  circulation 


)  0  s  •;. 


ji  9  »  S  { 


0  9 


S  6 


'(TV 


^  S  V 


;■  X  t  X 


ft  X  0 


Green 

sandy 

shale e 


-<  ii50'    15<.0&«  rise 


Hard 

fractured 
limestone 

and  s  X  It « 


Hard 

fractured 

limestone 

and 

silt. 


LI'S  0  /C  i 


X  0 


I  Bearing 
Depth 


Grade  of  Hole 
Casing 


Flow  -  G.P.K. 


Collar  Elev.- 


in  hard  fractured 
limestone  S  silt* 


Lab.  Form "No,  29 


Horizontal  Log  No^  M-SS  

Termini        Gar-diney  -  LiviRq:stcr. 


MCNTAKA  HIGKWAI  GOM^IISSION 
_  Project  F-217(ll) 


Page  1  of  2  pages 
Hole  No. 


Location 
Driller 


Date  TakenJ^ne  29  to  July  16 g  19S5 
Landslide 


Gunn  &  Cun"imings 


Others 


McCorrib  £  Deegan 


REl'iARKS:  Casing  -  183  fto  of  2"  perfora-ced  pipe  and  90  ft<, 
 of  2'-  solid  pipe  


V  v.;v 


3^ 


Kit) 


Broken  tan 


limestone 


and 


tan 


clay, 


 SO.O'I  Contact  on 


shale , 


Bluish- grey 
shale  6 


Bearing  :H-D0^:r-S3-^-2^^r 

Depth  285  ft.  

Grade  of  Hole  4^2% 


Casing  273'  of  2"  black  pipe 
Flow  -  G.P.K.  3  gal,  per  day 

Collar  Slev.     45  87c 71 


Bluish-grey 


^1 


— 35»0'    End  of  BX 
Casings, 

Bluish-grey  and 


-1-OlaO'     Indication  of 
ground  water » 


Bluish-grey 


shale , 


.._.J  


Lab.  Form  No,  29 


MONTANA  HIC-HWAT  GOMISSION       Page  1  of  2  pages 

Horizontal  Log  Noo        u-65   Project  F-217(ll)   Hole  No.   ^ 

Termini        Gardiner  -  Livingston 


Location 
Driller 


.  A:b  /-'^'■■■■.  •■•■'^'^ Struct xire 


Date  TakenJune  29  to  July  16 ^  1965 
Landslide 


Gunn  £  Cummin5?;s 


Others 


McComb  £  Dee:--an 


REMARKS  J  Casing  -  183  fto  of  2"  perforated  pipe  and  90  ft. 
 of  2"  solid  Pipe  


WVV- 


mm 


SMS 


n: 


Broken  tan 


^  a 


I  > 


limestone 


and 


tan 


clay, 


 SO.O'l  Contact  on 

shale  (, 


-35 »0'    End  of  BX 
Casing. 


r-"^        Bluish-grey  and 


green 


shale « 


Bearing  :N. 0 Pv o 2^^"'^f 
Depth  _ 


285  ft. 


Grade  of  Hole 4. 2% 


Line 


e 


rrr:< 


Bluish-grey 
shale  6 


Casing  273'  of  2"  black  pipe 
Flov/  -  C-,P.M.  3  gal,  per  day 

Collar  Elev.     45  87.71 


--.-^--■^.^5  IGlsO'     Indication  of 

-  ground  waters 


Bluish-grey 


shale , 


Bluish-grey 


shale . 


=  =  = 


183.0'     End  of 

perforated 
pipe. 


""-^-^----P-— T  ^  i  

_l_ 
A- 
I 

\-\ 

1 

-\  -r- 

|_J  

J_  ■- 

±:::± 

-iiii — r^4IA±±.l_H--rU--JJ — -J--  — 

— — 

X-  ^ 

1       1  1 

%  H 

uJ..4J — 

Mil                       ■  „:4"-:::±":iii:" 

-i — hi-  1 1  1 — iiji  4;"iL:±"+i"  i'X""" 

r^lT-rfjt ::::::  :::::::::  ii-:.^-  > 

-- '/ 

±}- 

i  3 
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Livingstone  Landslide 
Project  H.P.R.  -1  (5) 


'■'♦"1 


Vertical  of  general  area  taken  before  the  large  failure.  Note  arrows  pointing  to 
Tension  Cracks.    Picture  taken  Jan.  20,  I965. 


Livingston  Landslide 
Project  H.P.R.  -1(5) 


Vertical  view,  of  failure  taken  April  27,  I965.      Note  development  toward  the  right 
in  previously  stable  cut  slope.    Note  excavation  in  vicinity  of  the  diversion 
structure  which  relieved  the  pressure  on  it. 


Livingston  Landslide 
Project  H.P.R.  -1  (5) 


Livingston  Landslide 
Project  H.P.R.  -1  (5) 


Livingston  Landslide 
Project  H.P.R.-1(5) 


North  end  of  railroad  dislocation,  picture  looking  south 
(4-22-65) 


Livingston  Landslide 
Project  H.P.R.-1(5) 


View  from  top  of  sliding  mass  toward  the  north  east.  Note  diversion 
dam  in  the  Yellowstone  River  which  was  threatened  by  one  landslide. 


Central  portion  of  the  sliding  mass,  taken  from  the  top  scarp. 
Note  bulge. 


Livingston  Landslide 
Project  H.P.R.-l  (5) 


View  looking  north  at  the  head  of  the  slide.    Note  steepness  of 
hillside  above  this  initial  failure.     The  head  is  creeping  further 
to  the  left  now. 


View  looking  south  of  same  area.  (^-27-1965) 


Livingston  Landslide 
Project  H.P.R.-1(5) 


View  across  the  middle  of  the  landslide  looking  south  from  approx. 
elevation  of  the  head. 


Livingston  Landslide 
Project  H.P.R.-1(5) 


Topography  on  the  Landslide,  note  limestone  rubble,  size  of  slide 
blocks,  poorly  developed  drainage.    Taken  near  center  of  landslide 
area  looking  south. 


Outcrop  of  Bighorn  Dolomite,  taken  on  north  west  edge  of  the 
landslide  area. 


Livingston  Landslide 
Project  H.P.R.-1(5) 


Outcrop  of  Pilgrim  Limestone  at  south  edge  of  Landslide  Area, 
overturned  section. 
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State  Highway  Commission 

Helena,  Montana 
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